21 1 i1 2(U5 TREATMENT SYSTEM HAVI NG SPI RAL MEMBRANE ELEMENT AND METHOD
FOR OPERATI NG THE TREATMENT SYSTEM The present application is bas%ﬂ#ﬂahumﬁ
Japanese Patent Application No. 2001-383506, the entire contents

are 5 incorporated herein by reference. BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention The present invention relates to a treatnent system
havi ng at | east one spiral nenbrane el enent capable of being 10
back-washed, and a nethod for operating the treatnent system 2. Related

Art Afg@&gpfﬁﬁﬁ'&?ﬁ EBFHR{rfﬁ O@%ﬁ?m Esﬁﬂéﬁﬁk&-%m B Ferused for

desal ti Seawat er produc rapure water, SO on.

Coagul ation, sedinenta 1 fi nalnly perfornmed as
pre-treatnent for the 5kg§%§€§G gﬁg g3ﬁ3%5ﬁ¥(§£§ ation device. In the
coagul ati on, sedinmentation and, sand flltratlon treated water of stable
quality cannotThfe RiRIFMeRRRliFatieRelFebaSRASPE JRRARESSe P8 Tt i on
devi ce because the quality of the treated 20 water varies in accordance
with t hehppladatylal Neaw2@@iled83586, thiesenrbasercontrnicagdcvhychiarne
reserve osnosis nenbrane separation device is limted. On the other hand,
a nmesbr aiveco ywped dd onetechnbyueefiasebeen recently devel oped to be adapted

to the pre-treatment for the reserve osnosis nenbrane 2S separation device,
so that the nenbrane se :

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 systemn.
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 prthreatment for the reserve osmosis membrane

25 separation device, so that the membrane separation techniqgue



21 JUL 2005 has been applied to the quality of water which was hardly
treated heretofore. Wien the nenbrane separation technique is ada qqulmE
a substitute for the coagul ation, sedinentation and sand S filtrafion, to
the pre-treatnment for the reserve osnosis nenbrane separation device,
suspended substances, colloidal substances or the like contained in raw
wat er are deposited on a nmenbrane surface of a separation nmenbrane when
the' raw water is filtrated. As a result, the perneating speed of water 10

t hrough the separation rapne -is.reduced. Therefare, various. kinds of
wnshi ng Brocsseasanp Splqhpr Hei AUBLAEY. BY. “AEEH SF I " MARTHS speed of
wat er. Physical washing is a typical washing process. Physical washing is
cl assi fiedeated hﬁQGHngrﬁashing and back washing. 15 Flushing washing is
a process of pouring water onto the menbrane surface at a high |inear speed
to thereby waskhemttheuhstbnees skepasatidnohecheigefbianadabEfdeeaby shear
force generated in the nenbrane surface. Back washing is a process of

per f or m agsuesbi. ogtby fpeuthagcwatal athivhe sgoliyiend atdcin 20hdprssssdire to t he
nmenbrane surface in a direction reverse to the direction used at the tinme

of figtrajiepatYhRN thetRenpranersdthaee ifdrstainedsdrve eumenests which
cannot be renoved by the aforenentioned physical washing, chem cal washing

gﬁggfC;fm%éﬁg%oiégﬁgrg?gggg%@ﬁ&Qg Shspeneedl sdhsaxNsesp s6YebabanONt hs.
substances or the like contained in raw water are deposited
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



21 JUL 2005 chemically renmoving dirt fromthe nmenbrane surface by using
various chem cals added to washing water as chem cal washing |iqu ¢jLi 18§ he
af orenenti oned back washi ng process. In the various kinds of washing
processes, however, there 5 is a proeblemin recovery rate (the rate of the
amount of perneate to the anmount of raw water punped up) Incidentally, the
pernmeate is obtained fromthe reserve osnosis nenbrane { separation device.
In flushing washi ng, because the washing water mainly 10 used is raw

vashi hg SaTRcTbrY FreRRT RS AERE nhr o LS R ane Sk RICERE uP IR 0 o

back hi is filtrat ined b nmb ti thod. B
Che. 15 FYATToRT GRetLErla S (heo MPSH MR A CEGr 2ErBnFRYERLcBEREeRs

menbr ane separation device in a,post-g\%gcess, the recovery rate decreases
as the ahbamidointhefaferanentienedsbagkhiaghidi%eProsesthe time of back
washi ng i ncreases. Incidentally, the anount of water used forgghysical

washi ng i s genlx dheywdnieuPBingdsgef b shiog pbocesSe s, hewayewt, 10evgof the
amount of perneate obtained fromthe reverse osnosis nmenbrane separation
devi ge. idagrdbl ehén catoveshirade bektaused de thid amatet of peedeasewashi ng
wat er, the recovery rate decreases as the amount of washing water used
i ncreasegy A% AsmeeSEr bbedaabpueeri pubedt ugat.menhciyehenluyi nghtthe 3
permeate is obtained from the reserve osmosis membrane
separation device.
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



11 JUL 2005 nenbrane separation nethod, the recovery rate is | owered when
the nmenbrane surface is physically washed. In addition, in any 0??J@EZME9
af orenenti oned washi ng processes, filtration needs to be interrupted at
the tinme of washing. Hence, when 5 washing is made frequently, the anount
of perneate obtained. in a predetermned tine is reduced. Adaptation of the
back washing to a spiral nenbrane elenent has been proposed, for exanple,

i n Japanese Patent Publication No. H06-98276B. Wien back pressure at back

10 washing i plie , rafi i rel -art
pi ol rRBySREE URE C SRR SHUEREp 808w REF '} 18GerkE Bhel
menbr ane_nay be broken because the separation nbrane_has, |l ow strength
hgai ot HREKIEPREEDF S UALEGR AT AGPIYBLERI LYo AFBRGr gl efdal £ Phpedn
therefore said that the spiral 15 nmenbrane, el enent had better be.

back- was#ey emRle? f E£he e Backneny 1aed evdfh bnd REPERTSED of BLkEREMZN( 0. 01
MPa to 0.05 MPa) According to the inventors' experinents, it was however

i npossi bheeds tedpe tind grorurtad &4 Bhenitgimef of walsbAgat.i nBenhen whés spiral
menbr ane el enent was back-washed under the back 20 pressure. As a result,
it was |iwpskbndl bstmadakéraqséable, Operatoont SUMMARYeOFe Tolt i NVENTI ON An
object of the invention is to provide a treatnent systemin which the

recoveryifhak epedfleDeriieftdhtgheWis eetiieed25 flux and quality of perneate
are kept high and stable 4
Adaptation of the back washing to a spiral membrane
element has been proposed, for example, in Japanese Patent
Publication No. H06-98276B. When back pressure at back
10 washing is applied to a separation membrane used in the
rélated—artspiralmembraneelement,there:nshoweverfearthat
the separation membrane may bé 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,rit was impossible to make a stable
operation.
SUMMARY QF THE INVENTION
An object cof 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



21 JUL 2005 respectively for a long tinme, and a nethod for operating the
treatnent system Sone of the inventors have already proposed a stru&&u&&i
of a separation nenbrane having a back pressure strength of 5 noﬂ‘s I
than 2 kgf/cn2, and a nethod for producing the separation nmenbrane, in
Japanese Patent Laid-Open No. JP- H10-225626A. The inventor further has
concei ved an idea of adapting the separation nmenbrane having such a back
pressure strength 10 to pre-treatnent for a reverse osnpbsi s menbrane

separation devic ng. has ,coni ri.ved the o]l ow ng-invention.to provide
The conf TGt bre b Ept ro R 15, 8 RenhEEbBdEeT et TEAS WEBR ng  ne
pernmeate flux high for a long tinme and obtaining a high recovery rate and
to provi?E?%Fqﬁgﬂﬁdﬂy?B?moperating the 15 treatment system A treatment
system according to the invention includes: a spiral nenbrane el enent

i ncl udi ng a pcid Hobhswinveetorfdiawd admpadiperPrrRe edep S tatU @I AR Nbr ane
wound on the outer circunferential surface of the porous hollow tube, the
spiral 29f nemarm El eanremnizoped | aoinded ntpdagkcewsiee stosrg ah bat k
pressure higher than 0.05 MPa but not higher than 0.3 MPa; a reverse
0SNDSi S nEMEneEl sepetiati Dnkgeyents prolidatetthvd feowsddeangi dreof the
spiral nmenbrane el enent; and a washing |iquid supply system provided so

that at d&astattidRrheRbrZBe peiAeabgdnksdubHteRtCOAGARDbaKEHN!.I Qwi-d obt ai ned
fromthe 5
H10-225626A.
The inventor further has conceived an idea of adapting
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 osmOosSis 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




21 JUL 2005 reverse osnosis nenbrane separation device at the tinme of
filtration by the spiral nmenbrane elenent is supplied as washing iingﬂmgo
the spiral nmenbrane elenent at the tinme of washing the spiral ne

elenment. 5 In the treatnent systemaccording to the invention, at |east a
part of permeated liquid or concentrated liquid obtained fromthe reverse
osnosi s nenbrane separation device at the tinme of filtration by the spiral
menbrane el enent is supplied as mashing liquid to the spiral menmbrane

el ement by 10 the washin yst at the ti,me of washing the
opi ral neRBFARE BRERRNS TRBRLEN e AT Y ARA e TR CSPFTSF nenbr ane
el emrent i s_washed, the recovery rate (the rate of the anmpbunt of perneated

i qui d t51ﬂﬁ€35#88nPYthﬁaﬁPPF&&|@eﬁQﬁﬁﬂﬁjQHﬁmQ% iWproWRL 19828, a high
recovery rate can be 15 obtained while the flux and quality of perneat ed
liquid aweshikspt Lhighdahe thetsrl rakmeninang dlanent oy themg ixehe fuashi ng
may i nclude back washing, which is perfornmed by the washing liquid supply
system i washéhgathmnepirtlateabraneastl emapart of the perneated |iquid or
concentrated liquid 20 ejected fromthe reverse osnosis nenbrane separation

devi o is supphi€ide torddtensit r&y s temadarelefay thrdenvanpriessuae hi gher
than 0.05 MPa but not higher than 0.3 MPa. In this case, at the tinme of

back washiage at gee%fa cRalkh tefy hihenney patethdd ik £ & CopeLat rated
liquid ejected 5 fromthe reverse osnpbsis nenbrane separation device is

Squl'Edonalned 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 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 liqgid to the amount of raw liguid
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 ligquid 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 suppiied




21 JUL 2005 to the spiral nenbrane el enent under a pressure higher than
0.05 MPa but not higher than 0. 3 MPa by the washing liquid supplénlgﬂgg@£1
Hence, since the spiral nenbrane el ement can be 5 back-washed und

pressure higher than 0.05 MPa but not higher than 0.3 MPa, the washing
effect in back washing is inproved so that the flux and quality of
pernmeated liquid can be kept high and stable respectively for a long tine.
The washi ng may i nclude flushing washing, which is 10 perforned by the

washi ng |iquid supply systemin.such ner l,e of the
per neat &f &l i lc it eedleqﬁrhﬁiuﬁ?%cat é#]% rsoL?nE? h%@e%%r@gé%s nosi s
menbr ane separation device is, supplied to e spiral nbr.gne el enent at
The ¢ - GMPAIaUaRe bR s BRI ol Hha i bAE A 1L a8 iA R oY case.
flushing washing is perfornmed in such a manner that at |east a part of the
per meat eaydtequi d or concentrated liquid ejected fromthe reverse osnosis
menbrane separation device is supplied to the spiral nenbrane el enent at
the tine of fiHemrat, Girhye tttee syppindl neebb bare ek bewant 2enHerce, the spira

menbr ane el enent can be washed without interruption of filtration. The

washEng dd drtivil Siplundeys b ara diey dess surrey hdetlesot hémato . G MPeasttangiart of
the perneated |iquid or concentrated liquid ejected fromthe reverse

0SNDSi S AU AN SE PRI RtMDY), dewvé CRadRihg sepettedn baer! Washwinigh ighem cal s,
to the spiral menbrane 7
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

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



21 JUL 2005 elenent. 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 chenicals,. to the Bpilllaglh
menbrane el enment by the washing liquid supply system Hence, the effect of
washing the spiral nenbrane elenent is inproved nore greatly. The
concentrated liquid or perneated liquid ejected from the reverse osnosis
menbrane separation device may have a 10 residual pressure higher than
0.05 MPa but not higher than 0.3 MPa, so that the washing |iquid supply
systen1sﬁgSWFB§ -at least a part of the concentrated |iquid or perneated
liquid to the a i ral menbrane el enent under the residual pressure at.

the time of thénmﬁghﬁngaSQB #h iapstcasparhtofhehei RRrBrakgshlaguisg | east
a part of the concentrated liquid or perneated liquid ejected from the
rever se osnosnsemtmbtade 1depadatijertea/iften Shaupdveanse sneeispiral

menbr ane el enent under the residual pressure higher than 0.05 MPa but not
hi gher thamb@aldeMeapatdancen ideviice?Q sunngpdsisat,y toyeirioat deieny excl usive
washing Iiquid supply device for washing the spiral menbrane el enent.

Hences behamléaage SR ¢hgs Hieh T asnbyaviengl éasn beyathaiwiasth i vy phigiaki ty of
spiral nmenbrane el enents as defined above mnmay be provided in parallel with

one anot Qshglyh%y%%hal HERcHETPRANE rekereRls wRshig gWathed siycaessi vel y in

such a man
membrane element is improved more greatly.

The concentrated liquid of permeated liquid ejected from
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 1is

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.

Aplurality of spiral membrane elements as defined above
may be provided in parallel with one another, the spiral

25 rmembrane elements being washed successively in such a manner



8 21 JUL 2005 that while one of the spiral nenbrane el enents is washed, at
| east one of the other spiral nenbrane elenents is operated for UL 2005
filtration; and the washing |iquid supply systemis provided so t%éé EJ

| east a part of pernmeated liquid or 5 concentrated |iquid obtained fromthe
reverse osnosi s nenbrane separation device at the tinme of filtration by
the plurality of spiral nenbrane elenents is supplied as washing liquid to
each spiral nenbrane elenent at the tine of washing the spiral nenbrane

I t. 10 In thi ) ile. f th i ral nb I t [
weched, et LS Re0RY fESopRAPAL Rrub Rpibr LaReRFE ke ST baloper at ed
for filtration. Hence, washing can be perforned while the spiral nenbrane

el enent sLeaEt R iHuddS POy SRIF 3o MaTREINR iDEMERt S 19 PRYEyFed t he
recovery rate is inproved even in the case where the spiral nenbrane

el ement star ef Welshaddioneneed the weakiaadliguafi syppl ypsyesamed 9 iquid can
be kept high and stable respectively for a long tine. A nethod of

oper at i ngravidedtsenthayséenm agsor di pgrtoof2fetrheairdedticauid @ net hod
adapted to a treatnment system including a spiral nenbrane elenent, and a

revesse @sidshiSratediliane dsepasbhedfrdevihe navad dtedsnosdsdowist saeam si de
of the spiral nenbrane elenent, the spiral nenbrane el enent having a

porous haldow ¢ ihe daRtkarnkenyrl eptel bker sepas 8L bANb Peris iu 291 pynd on
the outer circunferential surface of the porous holl ow
of spiral membrane elements is supplied as washing liquid to
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, tﬁe 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 0Smosis
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



9 2 i JUL 2005 tube, the spiral menbrane el enment capabl e of being
back-washed under a back pressure higher than 0.05 MPa but not hi ?%ULPMB”
0.3 MPa, the nmethod including the step of supplying at least a part o
perneated liquid or concentrated |iquid obtained from5 the reverse osnosis
menbr ane separation device at the tinme of filtration by the spiral
menbrane el enent, as washing liquid, to the spiral nenbrane el enent at the
time of washing the spiral nenbrane elenent. In the method of operating a

treat men stem accordin 10 to .the i.nventiqgn, at_|I. par f
perneatehuﬁ¥nggagplr8 %@ﬁ?%?%&H%%ﬁﬂ%chF%ﬁﬁ@a%F¥8ﬁﬁfEééFegé%diosnosis
menbrane separation device at the tine of filtration by t.he spiral

menbr aneUBPEFehPdK BEEFELES, hhghaasHT Ry Q'iQﬁJME?‘a&Hgt%E/g’diq%ﬁrp tF?'é‘ﬁ‘br ane
element at the tinme of washing the spiral nmenbrane 15 el enent. Hence, the
recover yOr 3t ¥Pat hiehe qrethvid tinclimbing e sfamedt syprlgiing ed £RéS&mount of

raw |l iquid punped up) is inproved even in the case where the spira

menbr aneagarnenf pdmewmtshid 1 gHédoer cangiegh nadesl gl gui diab baih ek febmai ned
while the flux and quality of perneated liquid are kept high and 20

st abl® reppecévyety Jamosi 3 argndriare sEparatdhinngendyei atl tive tiawk ofashi ng,
which is performed in such a manner that at |east a part of the perneated

liquid er1eeaeeBh By athd s@uird 1ehembednkr okt | e¥yehag ISP Siguigbr ane
separation device is supplied to the spiral nenbrane 25 el enment under a

pressurecfighes than falds Moa el 2 PitGREE ime of washing the spiral
membrane element.
| In the method of operating a treatment system according
10 to the invention, at least a part of permeated liquid or
concentrat@dliquidobtainedfromthereverseosmos%sn@mbrane
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



10 21 JUL 2005 than 0.3 MPa. In this case, at the tine of back washing, at
| east a part of the perneated liquid or concentrated liquid ejecteq [rﬂﬁy
the reverse osnosi s nenbrane separation device is supplied 5 to t hé sw r
menbrane el enent under a pressure higher than 0.05 MPa but not higher than
0.3 MPa. Hence, since the spiral nmenbrane el enent can be back-washed under
a back pressure higher than 0.05 MPa but not higher than 0.3 MPa, the
washi ng effect at back washing is 10 inproved so that the flux and quality
of pernegﬁed Iiguiﬁacan be kept high and stable respectively for a | ong
time. ThER@RsHE gM y include flushing washing, which is perfornmed in such
a manner that at |east a part of the perneated |iquid or concentrated
liquid ej ect edIRropishéasenverbethenbine a5 RanbrungniRgar aFi bRadévice is
supplied to the spiral nenbrane elenment at the tinme of filtration by the
spiral npabtanf tké¢apermeated thiwidage, coneenthgtadshiagifsepectedmed in
such a nmanner that at |east a part of the perneated liquid or 20

concent r gt ed thaqbe de £ € olsad sfirsamemibean e \seree adsnosdsveabiraseppsépdr at | on
device is supplied to the spiral nenbrane elenent at the tinme of

filtratigp P¥et bisRl raémdESRE cdBebfTENIder HENSLessieeSRigRAbrNeHAKANE
el enrent can be washed without interruption of filtration. 25 At |east a
part of hgsPRPAEBLEANnbEAHEGRAE ERRGEDL.3Aled .

Hence, since the spiral membrane element can be
back-washed under a back pressure higher than 0.05 MPa but not
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

" ligquid 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 liqﬁid 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



11 11 JUL 1005 liquid ejected fromthe reverse osnosis nenbrane separation
devi ce may be supplied, together with chemcals, to the spiral ne Uﬁfﬁmﬁ
elenent. In this case, at least a part of the perneated liquid 5
concentrated liquid ejected fromthe-reverse osnbsis nenbrane separation
device is supplied, together with chemcals, to the spiral nmenbrane

el enent. Hence, the effect of washing the spiral nenbrane elenent is

i nproved nore greatly. 10 The concentrated liquid or pernmeated liquid

ej ected fyr.om. [ RVES € 05 RS g%ggrag% S H%rﬁ%#% thi Q%Mjggye a
resi dual lﬁr us}gj:égeﬁ g(]aher toﬁlan Sg 3 bt mn%t hi'g e?’at an gj.a a, SO
that at |geast a part of tﬁg concentrated Ji,quid ar_ _.perneated |li.quid is
Suppl | 6d Y HHoRSRiH% P URE FEn e SPRRARE "E SIS A3 e SPUA? Sreetur e at
the time of the washing. In this case, at the tinme of washing, at |east a
part of MEHOIEEFc &I |iquid or permeated liquid ejected from the
reverse osnosis nmenbrane separation device is supplied to the spira
menbr ane el enedn dhdér ceke,r @i deals theepadite ofi §her PEIMERed 1G8WNRR but
not higher than 0.3 MPa. Hence, it is wunnecessary to provide any exclusive
washi fig loimuothcsugprlateddeévicqee d @] atsdnd nirdmetspi raveneaboanesékenent, so
that both space saving and cost saving can be attained. A plurality of
spiral mesnbaRe celspRtat iah drfvited aboepp Phedpytbgephoyi dedhi n paral | el
wi th one another, the spiral
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



12 21 JUL 2005 nenbrane el ements bei ng washed successively in such a
manner that while one of the spiral nenbrane elenents is washed, at Hle %
one of the other spiral nmenbrane elenents is operated for filtrat b l—ﬁﬁ
at least a part of perneated liquid or 5 concentrated |iquid obtained from
the reverse osnosis nenbrane separation device at the tinme of filtration
by the plurality of spiral nenbrane elenents is supplied as washing |iquid
to each spiral nmenbrane elenent at the tinme of washing the spiral

Menbr ane, ShErERb. o 1 ISR Srs U 10 NS Ol d TP (5Pl TEARAARS
el ement smgrlnkgggv\% h%f,métr?t%?a%ln%ne Sohf hsec?t%er ‘{spl al Renbr ane eﬁerrents
can be operated, for filt I on. .Hence, shi ng,can be perfor gfmh'le t he
spi ral Fa‘%él{“élqsr}ﬁerﬂé%%‘reeSB&ﬁFianSE‘E’%?‘n&pg}ﬁf“@& or-3 VF‘FH? i 8. As a
15 result, the recovery rate is inproved even in_the case where %5e spi ral
menbr anel epehepns Qf etRRSHERET Hveed ! tHRUPY 2Re apHCMEREFi 1§ OPSpaFRfat ed
|l iquid can be kept high and stable respectively for a long tinme. BRI EF
DESCRI PTEON OF1 THEL DRAW AeS 20 Fpgstilai pagtt pfi parmesiiedukquioh @F agr am
showi ng an exanple of a nenbrane separation systemaccording to a first
enbodi nepbnoént hat edvdniiaghobEa fjned X 1em dheyps cal s s esmosna meinbwaskow ng an
exanple of a spiral nenbrane el enent provided in a spiral nenbrane 25
nodul e; gagaFhgioRRdéside pat tihe autmvey melspectionebyi eweoplurality
of spiral membrane elements is supplied as washing liquid to
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 OF 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



13 21 JUL 2005 the spiral nenbrane elenment; Fig. 3 is a typical sectional
vi ew show ng a back washing operation in the spiral nenbrane nnduhg;uﬁﬂm5
4 is a typical configuration diagramshowi ng a 5 nenbrane separat A
system according to a second enbodi nent of the invention; Fig. 5is a

typi cal configuration diagramshowi ng a nenbrane separation system
according to a third enbodinent of the invention; 10 Fig. 6 is a sectional
view. of a separation nenbrane in the spiral nenbrane. el enent provided in

t he Spirgﬁ?ﬂ$§$£gfemeﬂ89358;eELﬁenl;iS a typical configuration diagram
[

show ng conparative exanple; and 15 Fig. 8 is a typica
configuration djagramshow n second_conparative exanpl e. | LED
DESCRI PTI ON OF T2 PREFCRIBDCEVERSF VERFSL A lt%ﬁ%‘ﬁ%’ﬂrflgs?gt%&ﬁﬁ ‘ﬁ%DgTT‘ﬁB a spiral
menbrane el ement according to_the invention and a nethod for operating the
20 treatPRpratieReimwENe BRiBRICRERET2HE BWAYS/r st Enbodinment) Fig. 1 is a
typical configuration di agram showi ng a nenbrane separati on system
according to aFigrst eabadtyphcadf confié gupadioinodiagy arh & hrsrdrke

separation system 100 shown in Fig. 1 has
5 membrane separation system according to a second embodiment

of the invention;

Fig. 5 is a typical configuration diagram showing a
membrane separation system according to a third embodiment of
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.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

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



14 21 JUL 2005 a spiral nenbrane nodule 50 in a pre-stage, and a reverse
osnosi s nenbrane separation device 51 in a post-stage. A spiral qﬁnﬁnqmﬁ
el enent 10 is provided in the spiral nmenbrane nodule 50. The spiral
menbrane el enent 10 has a separation-5 nmenbrane which can be back-washed
under a back pressure higher than 0.05 MPa but not higher than 0.3 MPa. A
precision filtration nenbrane or an ultrafiltration nmenbrane is used as
the separation nenbrane. At the tinme of filtration by the nmenbrane

separat | nso 10, BYALRHLaX8! ¥68u12058Ndn149:96 & chige. bha & WAlwe 6 of a

pipe 18 and a valve 117 of a pipe 22 are opene ile a valve 115 of a

pi pe 21, a val ve a_pi lve 113 _of e a and a val ve
i of s B el Tadtrr e bR R e B RVt on) It D IRS S 00 A 6
actuated. 15 Jncidentally, at .t time of, dead end filtration, the valve
L or il ia b ark ifeatntial hhterow A RN PRI AMBIHRERREd n g
reservoir tank 101 through a pipe O is given to the supply punp 102

t hr ough Mol aPle M P 4ul mqﬁbrlam%rﬂ?l%%%uwzlé@sb@ $PRABABEPY punp 20
102, so that the pressurized raw water 1 is supplied to the spiral

menbSanenemivicdre 3hictheaspre Slackemasdivgl Hodekea 3@ cleparpsasuset heghaw wat er
1l into filtrate 2 and concentrate 5 by a nethod which will be described

| ater. Thieafiidt0atMP2 bbtanantdhbyhehetbpir 8l. 328 Peenbrapeentdiba 50 is

supplied as pre-treated water to a
filtration membrane or an ultrafiltration membrane is used as
the separation membrane.

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 filltrate 2 obtained by the spiral

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

15



15 21 JUL 2005 reservoir tank 103 through the pipe 18. On the other hand,
the concentrate 5 obtained by the spiral nenbrane nodule 50 is HWJU[ZNE
returned back to the reservoir tank 101 through the pipe 22.
Alternatively, the concentrate 5 may-be discharged 5 to the outside of the
system through a pipe 22a. Hence, at the time of dead end filtration, the
raw water 1 fully beconmes the filtrate 2. The filtrate (pre-treated water)
2 obtained by the spiral nenbrane nodule 50 and stored in the reservoir

tank 103 | h | .104 .t h 9

p?gssuri f:?%e b'\é’tel%etgﬁﬁpq)?% 3 %%%ﬁly tglt)én&é’tet %rgpglssglre:ozegl fjrl [trate 2-is
lied to th 51,

combs! o FbRLFARGEBEEAR St PR iéépg’é"%r "o rhice ] PRITHANS MRS W or 5

into perneate 3 and concentrate 4. The 15 perneate obt ai ned by the
reverse d$nbyildynbabranedskpakate e dRAYeVSIr itarigdll ddnadthdsut si de

of the systemthrough a pipe 20. The concentrate 4 obtained by the reverse
osnosi s pipebRane Akparmafbvelivvithe Sloncentt seharydthy da Hd sehagigesl of t he
system t hrough pi pes 21 and 21k when the spiral nenbrane 20 nodule 50 is
operadi ngo AheooCaside denuhdssyastpar tthafoudie a qoneeridat e Hénowy |lad
returned back to the pipe 17 through the pipe 21. Incidentally, at least a

part of tihe penaest deddBid PELSHPPLORM Hiee tther phperl? Ml Iheeupsiadseam side
of the supply punp 102 through the pipes 20a and 21. In this case, it is

25 howevehngqessary bo adjust pressure between the pipe 21 side

The filtrate {(pre-treatedwater) 2 obtained by the spiral

membrane module 50 and 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 se_parati’on 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 thes pip-e 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



16 21 JUL 2005 and the pipe 20 side through the valve 112. Fig. 2Ais a
typi cal sectional view show ng an exanple of the spiral nenbrane ququws
used in the nenbrane separation systemdepicted in Fig. 1. Fig. 2Bi's a
partly cutaway S perspective view of-the spiral nenbrane el enent in the
spiral nmenbrane nodul e depicted in Fig. 2A. As shown in Fig. 2A, the

spi ral nmenbrane nodul e 50 has a pressure vessel (pressure-resistant
vessel) 30, and a spiral nenbrane elenent 10 received in the pressure
vessel 30.. The 10. pr ure,vessel i ical casing 31, and a
pair of a%atr}tﬁ aﬁlége ?2(21 S S%Foﬁggag/ﬁ%tggrﬂlfen?g?‘% is fornmed in one end
pl ate 32a whereas a _cqncentrate outlet 35 (s fornmed in the other.end plate
32b. A filtratfdDutdfet 532 ngf‘ﬁﬁihé?céﬁﬂ}? etV nShABIRE AR EFYIR BN of the
other end plate 32b. The pipe 15 17 (Fig, 1) is connected to the raw water
inlet 3f the prpsaligeqprgne module st isdthe RembFRNe (IRRAAEIPR 34. The
pipe 22 (Fig. 1) is connected to the concentrate outlet 35. Incidentally,
the structsimem clepietelessuregvebselFig. B i$iaipadtiy chsawayuct ure shown
in Fig. 2A. For exanple, a 20 side-entry pressure vessel having a raw water
i nl eb anskMspapinioentiave ofut hetspi vl dedhbraree @llamedrt dal thasspipradhy be
used. The cylindrical casing 31 is filled wth the spiral nenbrane el enent
10 in thgporhd iyl Patdep Paekd ngn 3Fiys 285 nounted on a. nei ghbor of one

end portion of an outer
As shown in Fig. 2A, the spiral membrane module 50 has
a pressure vessel (pressure-resistant vessel) 30, and a spiral
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 wherz2as 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 1s 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 iﬁ 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 heighbor of one end portion of an outer

17



17 71JUL2005 circunferential surface of the spiral nmenbrane el enent 10.
Opposite open ends of the cylindrical casing 31 are sealed with tgﬁJﬁE@@5
pl ates 32a and 32b respectively. One open end of a water collecti

15 in the spiral nmenbrane element 10 is 5 fitted into the filtrate outl et
34 of the end plate 32b. An end cap 36 is put on the other open end of the
wat er collection tube 15. The inside space of the pressure vessel 30 is
partitioned into a first |liquid chanmber 38 and a second liquid chanber 39

by the packi hi e gl r.a 10 is
receive alf]%-’lc eéliz)?ré{s{s]%% eé;algg%g? ég Eﬂgsggl}ug\%gi ?R%H%?ggezgieﬁ?gﬁggii?al
menbrane, elenent 10 is, fao d as, follows, Iln.the,¢conditi hat

(1 1tr at ORBARLTE OPSR2RAS Y AhE AT HERRELTRY YEag aqu“rdea%;?g’ge}jnai‘&g
separation nenbranes 42, the two segaratton nbnfnes 42 arqdbo%ded onto
15 oppostie end fekakedr3¢neaRe | 3¢t ESSBACEI VAV at Y PR (239t 8L fher eby
form an envel ope-|ike nmenbrane (pouch-1ike menbrane) 44. An open portion
of the emidomsel et immiitdee 1841rsthetsridgiicld negbraae gl ermegd Ldcifon tube
15. The envel ope-like nenbrane 44 is spirally wound, together with a raw
wat ers spécietredOirito nede Ofl tratymtddtliet ridkiof tbe, eod phaset deb. An
circunferential surface of the water collection tube 15. In this manner,
the spigmd dmraeane eltemanthd Gtiree f epeedendhef ahewaterroubiecentnal
surface of the spiral nmenbrane elenent 10 is coated with a sheathing

mat eri al ¢ Jdie; §t r ugidirm Hfdeasha@d sepanat hoossenbrasss42 8ol isbe descri bed
| at er.

’ ‘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
nembranes 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.

18



18 71JUL2005 At the tinme of filtration by the nenbrane separation system
as shown in Fig. 2A raw water 1 given through the pipe 17 (Fig. 1]) %smhgad
into the first liquid chanber 38 of the pressure vessel 30 throth % e raw
water inlet 33. The raw 5 water 1 is further supplied to the inside of the
spiral menbrane elenment 10 through one end portion of the spiral nenbrane
el ement 10. The raw water 1 flows straightly in a direction parallel wth
the collection pipe 15 along the raw water spacer 16 as shown in Fig. 2B,

so that concepfrate % ihd &°¢AG A0l G Nenot hehn eade SyEbaesrshde of the.

spiral menbrane elenment 10 into the second |1 quid chanber 39. Then, the

concentrate 5 is_di,schar.ged.fr t r 0 5 he, out si de
of the ﬁry %selrjur‘eg\s/’eé’skioe"{’ﬁl lgbgf‘hrg%ﬂ‘ Q{%ﬁﬁ%?%%%ﬁév%ng‘dh%?hgﬁﬁ%%gl as shown
in Fig. .15 2B, a part af the raw water 1 perneates. through_each separation
menbr ané 43 E3d -t Hﬁsﬁse%fqu%%eesﬁ{ﬁ‘%t dﬁ?“é?%n‘&léa‘g%?ﬁegﬂ Oghé;%leaw wat er
side and the filtrate side in the process in which  the raw water 1 flows

al ong t PEesSNTRaVE@S seackt Wwough tihd rav MR 2 ¥ewd3 i ntTd & HEYhat er

collection tube 15 along the 20 filtrate spacer 43 and is discharged from
t he Dpewadred bfis flertharaupmliettpdihe dpeids offilef spiral @eRARQyr t her
taken out of the pressure vessel 30 fromthe filtrate outlet 34 shown in
Fig. 2Adlemengh itthehpicpeyi Sr(diend IPortiwn defit bheysparal heembianef dead end
filtration by the 25 nenbrane separation system 100, the concentrate 5 is
not element 10. The raw water 1 flows straightly in a direction
parallel with the collection pipe 15 along the raw water spacer
16 as shown .in Fig. 2B, sc that concentrate 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 nmembrane separation system 100, the concentrate 5 is not

19



19 21 JUL 2005 discharged to the outside because the raw water 1 fully
permeat es t hrough each separation nenbrane 42. That is, only the iglim_rgmg
2 is taken out of the pressure vessel 30 fromthe filtrate outlet shown
in Fig. 2A through the pipe 18 (Fig.- 5 1). Contam nants contained in the
raw water 1 are renoved by the pre-treatnent using the spiral nenbrane
nodul e 50. Hence, pre-treated water 2 after renoval of such contam nants
is supplied to the reverse osnosis nenbrane separation device 10 51.

| nci dent gy binathea! FhCLAR outSilel Weldllsd thd UERF S ASPSEs) 1pibrane

Separati on devi is the sane as the 1nternal structure o he spiral
menbr ane_nodul e 50 _except _difference.in se ragto megﬁ{ ... At _the tine
of 11 1trBEFBRbSSL He RePD A SEBRTAG S PEADEINER? 100 P AdFendBaY
subst ances, col | oi dal_ substances or ?‘}5&1%50' ved substances c&nt ained in the
raw wat eFPe BrEteRpRS t8dt2 58NNt £f BrEFSHERDY SRS S 1T 4C0T &€t he
separation nenbranes 42 of the spiral nenbrane elenent 10 in the process
of filtr&ilbhrabg ewelepidhlshrrbiandigoddfetBoough the pipasd8 4619
sedi nentation of contam nants on nmenbrane surfaces in the spiral nenbrane
nodulie 5D)directly supplied with raw water 1 containing contam nants is
nore remarkable than that in the reverse osnpbsis nenbrane separation
devi ce 51 supptbetamihhntpr eohktaahed wat éhe2raivt eateendvateotemortam nant s
because the 25 | oad inposed on the nenbrane surfaces in the spiral nenbrane
by the pre-treatment using the spiral membrane module 50.
Hence, pre-treated water 2 after removal of such contaminants
is supplied to the reverse osmosis membrane saparation device
10 51. Incidentally, 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. 1In 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



20 21 JUL 2005 nodule 50 is larger than that in the reverse osnosis
menbrane separation device 51. Therefore, in the nenbrane separatjifofijl 2005
system 100, after the filtrating operation is carried out for a
predeterm ned tine, the menbrane surfaces in the spiral 5 nenbrane el enent
10 are washed. As descri bed above, washing of the nmenbrane surfaces is
classified into physical washing and chem cal washi ng. Back washing which
i s one physical washing nethod will be described belowwth reference to

Figs. 1 1N IO e | me of
back magﬁﬁﬁﬁﬁ%ﬁ%?ﬁg %%??g?eﬁgéﬁﬁﬁﬁ%?ﬁgéﬁ%g gﬁf3¥%% ggﬁggiiﬁéeégﬁa%%e pi pe
21a and the val ve %}4 of the p%@; é&b are.op Bed m@ile t he val ves 110 and
119 of tTEPPIPet? FTHeEETValve s O%elﬁig SBEFIOFARS\IFRAT 3150 the
pi pe 21, the valve 116 of 15 the pipe 18 and the valve 117 of the pipe 22
are cl ose¥stemkdfer aftegetbaphl Yt paRpnaorese i oppetl Caxd 1eseo8GphPy punp
104 is actuated. Assune now that an anmount of pre-treated water 2

suf fi ci entpreddekniwed thoesprhal ngphbaage serdmess 1 ithe sdd in t he
reservoir tank 103. 20 As a result, the pre-treated water 2 stored in the
resebvoimernlanknd O3l emdrat 18, atbewldshedate 2 fromthe spiral nenbrane
elenment 10 is given to the supply punp 104 through the pipe 19 and
pressuri zed byad hesuipled pbopelOdasitnghaf tHdepbessiy sdedatektiate 2 is

supplied to the reverse osnpsis 25 nenbrane separation device 51. In the

reverse OA®si fied into physical washing and chemical washing. Back
washing which is one physical washing method will be described
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 21la 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, tﬁe 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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21 21 JUL 2005 nenbrane separation device 51, the filtrate 2 is reverse
osnosis-filtrated so as to be separated into perneate 3 and conc H tapnr 4.
The perneate 3 obtained by the reverse osnbsis nenbrane separatizﬁ HEnge
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
obtained by the reverse osnosis nenbrane separation device 51 is supplied
as washing liquid to the spiral nenbrane elenent 10 through the pipes 21

and 21a. yRnBhheOls e AAME/MS AL 45110 tHneEesspsve f 91 1 yashiogsal the
spiral menbrane elerent 10 is discharged to the outside of the system

t hr ough I:RES: g%%%g. t hi_s Lan, . r at gm?as a
pressar O SHPgEr TAAEF 405 NPAD0C B8 SRCaRaL Shdn 6, SBE et d ne
concentrate 4 is _pressurj.zed by the supply. pu 104. 15 The nenbr gne
Surf aces CPRCFRETERE AF TNDPEABCa D T 5] PY.E8REFYRTIE PRECCaTeent rat e
4, so that the concentrate 4 changes to washing drain 6. The washing drain
6 is e eREBRTaNLOFLPRE AtdRMWARHL GenlPdt 183 SePPLAEs fior dAhenensdfe eddul e 50
through a part of the pipe 17 and the pipe 21b. 20 Fig. 3 is a typical
sect i onalthei ewsseawthgoschatkewrdRiengO dpettei §ﬁmienrr@ﬁ@e§piarsalmnégﬂﬁ ane
nodul e 50. As shown in Fig. 3, at the tinme of back washing of the spira
menbr ane fuddwkde 15@, opkeadcdreent Raperd stippheedonbeotightet Beopitpen2tlh and a
part of the pipe 18 is led into the water 25 collection tube 15 through the
filtratepbguthet r34erb®e osmosis membrane separation device 51 is :
supplied as washing liquid to the spiral membrane element 10
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 20
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 21b.
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 21la and a part of the pipe 18 is led into the water

25 «collection tube 15 through the filtrate outlet 34. The

22




22 21 JUL 2005 concentrate 4 is led out of the outer circunferential
surface of the water collection tube 15 to the inside of the sepa?]qatjuplmns
menbranes 42 and perneates through the separation nmenbranes

direction reverse to the direction used at the time 5 of filtration. On
this occasion, contam nants deposited on the nenbrane surfaces of the
separation nenbranes 42 are separated fromthe separation nenbranes 42.
Since the outer circunferential surface of the spiral mnenbrane el enent 10

is coated w t h hi ri t p

t hr ough (E%C%Ib%}g?é ?43% rrgg%lr antgs % |§§,§e%x| ?’?‘Sﬁ?é@ﬁgl?%s%ﬁ Q J"‘the
spiral ane el ene 10 ., al Water 16 and i d| schar ged
as vvashlﬁ‘ngb YALEH Cfor %Pg ﬂg piean%s $Qﬂi£gﬁﬁ%ﬁ>aﬁﬁbﬁ>ane
elenment 10 into the first and second I| uid chanbers 38 and 39.. As 15
shown i gy anes vherpithe SRt 1R dri SEN | 'S4 IWATYetP? MYLIFREF| 1 st

| i quid chanber 38, the washing drain 6 is ejected fromthe raw water inlet
33 to the2 ol s dbl et i sieeme rouge dlpectionr esedprpethy Bh@et he pipe
21b. On the ot her hand, when the washing drain 6 is discharged 20 into the
seconid - | o fjuf 1l cheindes . 3@n dHi o geirdn of cdrhamarsdn ng defras ht édi gnr et ur ned
fromthe concentrate outlet 35 back to the reservoir tank 101 through the
pi pe 22.tid hdibtim® ofir backs ¥BsHhagskpathitsocarpedbranes Mowemss , the

washing drain 6 is not ejected fromthe concentrate outlet 35 but ejected
from 25 {fe, rave et Bomi fh &t sSPa PecayaembRB ruakye 4217 of the pipe 22
Since the outer circumferential surface of the spiral
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 ¢ 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

23



23 21 JUL 2005 is closed as described above. Incidentally, at |east a part
of the raw water taken out fromthe raw water inlet 33 nay be ret jgm(_jmf'
back to the reservoir tank 101. Here, the raw water inlet 33 side Lé ssure,
the filtrate 5 outlet 34 side pressure and the concentrate outlet 35 side
pressure are set so that a back pressure higher than 0.05 MPa but not

hi gher than 0.3 MPa is applied to.the separation nenbranes 42. Hence, a
requi red anmount of the concentrate 4 can be poured in a short time so that

cont am nggl s, 08885kL afbd0: Aol W TRIDT a9 sl iBpEy ool Neapar gan

menbr anes he  spiral nenbrane el'ement 10 can be renove

Hence, - Jn i rg,waaéegﬁggz AN A0UYLE B0 LLLLLALLON LIk b, erf e

stably f ong tinme Pedaction tn errrea ux- and Rout
deteriorat| Lon i ate al it As .descri.b above, 15 in the nenbrane
separ at i bfi E‘y’gﬁaml’ % t rg%te 5%5& ViRdtter-2 kf%ﬂ}lrat e) 2 stable in quantity
and quality can be obtained by the filtrating operation_ of the spiral
nmenbr ane nodul Be50; §he trﬁ’é%‘éaE§§e]§1lth dShP HGe RISH HIF swhitdre filErpée
described later is perfornmed after back washing of the spiral nenbrane 20
modul®e 50uthetepBdf badei pgerasitiengnd r&ef iconcantip Cparuticn 3 shdeied out.
Hence, raw water 1 flows axially in the inside of the spiral nenbrane

el enent pbetsuwardatdesat ey thad pobachrpredsiuhe Isipgheat thembalws Mbdul e 50.
Cont am nants separated from the separation nmenbranes 42 are washed away

from onepgadnper highe25 tbhnt 0e 3spiraali smappiarel MW HegLo dthiecwt her end
portion

{ membranes 42. Hence, a regquired amount of the concentrate 4
can be poured in a short time so that contaminants deposited
10 orn 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 deteriorationin filtratequality. 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 wa.shing 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 30. Contaminants separated from

the separationmembranes 42 are washed away fromone end portion

25 of the spiral membrane module 50 to the other end portion

24



24 y 1 JUL 21U5 thereof by the raw water 1. The contam nants are

di scharged together with the concentrate 4 fromthe other end porti@E RE:‘
the spiral menbrane nodule 50 into the second |iquid chanber 39‘Zaln taken
out of the pressure vessel 30 through the 5 concentrate outlet 35. Al or a
part of the raw water taken out through the concentrate outlet 35 may be
returned back to the reservoir tank 101 through the pipe 22. Incidentally,
at the tine of dead end filtration, the concentrate 4 is not discharged

to the ophstder U tRDGw LR LONLaMRANESHESRRRAheY hForaidenspganation
menbranes 42 are prevented from bei ng deposited on the separation

erbr aneso 42, A0RI M RIGE o od L1 3 Ak, ORI ENS L QM eL 00, sArsLabl et

filtrati ng®>operation can be carried out r-a long Rout”. "reduction
in pernmegte flux and without 15 deteri.oration in filtrate ., quality. In the
renbr anceBa R b bISARA U RS Ihe b dmtent g 8SCHPgnl A CPERbERe
reverse osnosi s nenbrane separation device 51 is used as washing water

because ?Re3MdnbrkhAR SBpaPht LBR PEGSEEHC1IGSHSHs 30 BN fda he perneate
3. If the nenbrane 20 separation system 100 ai ns at obtaining the

concént rapecantrabe pekhehtdS53 dayl B @sddrds odashengawavakerntaken
condition that the valve 112 of the pipe 20a is opened. Incidentally, in
this caset tHmeoysh et eclciesitirad e nutlete3pipey 2% tretourgled hecpi pe  20a
and then supplied as washing water into the spiral nmenbrane 25 el enent 10
in the sene HS® As Hdtad 10l theoaghcems ralls= £2. Incidentally, at
the time 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 is 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.

25



25 21 JUL 2005 The washing operation is the sane as at the tine of back
washing with the concentrate 4. At the tinme of back washi ng of thezrielﬁhrmﬂb
separation system 100, the filtrating operation of the spiral nmenbrane 5
nodul e 50 is stopped but the filtrating operation of the reverse osnosis
menbr ane separation device 51 is continued. At the tinme of back washing,
however, an anmount of pre-treated water sufficient to performthe
filtrating operation continuously during the back washing nust be stored

| Lhe T SRENVAN: daBloerdd 19314 ANARG o BeXthe [ uRhb RbaDe g WY of |

anot her ysi ca ing nethod w be described with reference to Figs.
1 and 3. A e ti fl.ushi ng washi ng of the nenbrane separation system
100 shovalith EEF‘S Cfg%feﬁfgrglgleéniqﬁg/cl osing 15 condition of the. valves and

the actuating condition of%&% suppl.y. pu Q consti_tut he _nenbr ane
separation systenrh®otiBg & %ﬁ@“%ié’f%%set e fnﬁ’g%trlaﬁg g?fs FRAEARE on
except that the valve 119 of the pipe 17 and the valve 16 of the pipe 18
are cl osedst¥mal00s, thRefidkvating sperpEiprpetiFhe; FRITA VESDHLES of the
pi pe 21 and the valve 117 of the pipe 22 are opened while the valve 119 of
t he pbpemb@pletid dalsteoppksl bittthe pipratdngiReRaf i pfX Ry reNerSiepe 20a,
the valve 113 of the pipe 2la and the valve 114 of the pipe 21lb are
cl osed. bBymbbes, membeasiepplpapaison] G2 vard P04 & ecadiigatest. A5 [Ghet hi s
case, concentrate 4 obtained by the reverse
time of back washing, however, an amount of pre-treated water
sufficient to perform 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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26 21 JUL 2005 osnosis nmenbrane separation device 51 in the process of
filtration by the nmenbrane separation system 100 i s not dischargiqthg @Eﬁ
outside of the system but supplied as flushing washing water 7 t e
17 on the upstream side of the supply 5 punp 102 through the pipe 21. The
flushing washing water 7 is given to the supply punp 102 t hrough the pipe
17 and led into the raw water inlet 33 of the pressure vessel 30 by the
supply punp 102. In the inside of the pressure vessel 30, the flushing

washi ng E‘)@fa@éi% iuégxb?gniems‘égta*}%t%%‘?ﬁrc?édi% rﬁ”@;xf“&%e 1B Piedde, gpiral
menbrane el enent 10 1n the Same manner as the ow of raw water 1 at the
time of glg L .Rgb g flushin shin er .7 @Ioms in the inside
of the s B ﬁ:ggﬁiﬁﬁ n%rgsné‘ %'gtraélléni@'geﬁqﬁva\%elé}rn gsﬁgg%fmdq oh rf_?’l menbr ane
surfaces .of the separation neq?ra es Is shed awa ? hear._ 1S force
gener at o BENAEGROMA: ADE G G0 LridHh P HABSRRI RODPLLESH L HABRRAg vt er
7 on the basis of the_high-linear-speed flux of the flushing washing water
7. HenceWashéng|ialiimd tn&sRi PP di’e?n Theswls F bpanasidanglithelsyprdvged as
washing drain 8 to the outside of the systemthrough the concentrate
outl €t pomg5l@Adthheupghpebe2priprd222a. Te fheshing whshinghwagewashi ng of
the nmenbrane separation system 100, the respective filtrating operations
of the spsrglivarnboankensdppeySpumpdlOBRethevanbethenpibse lhieahdabhed
separation device 51 are continued. 25 Finally, chem cal washing of the
menbr anejgepathéi 6w water inlet 33 of the pressure vessel 30 by the
supply pump 102. 1In the inside of the pressure vessel 30, the
- flushing 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 ocutlet
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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27 21JUL2005 system 100 according to this enbodiment will be descri bed.
Chem cal washing is performed once a period of several days to sever#ll 25
nont hs when conponents of dirt on the nenbrane surfaces in the spiral
menbr ane el enent 10 cannot be renoved 5 sufficiently by physical washing.
Chem cal washing is a washing nmethod using chemcals for chemcally
renmoving dirt fromthe nenbrane surfaces. In the nenbrane separation
system 100 according to this enbodi nent, chem cal washi ng of the menbrane

separati %&s%%ﬁxt 910 %9c%(%9115§_ R ft%%@%r&éﬁ&%@feé@@if ?k%«?f!i%‘%cgﬁﬂgﬁf as the

. ! P
filtrati and back washin excep ol'T'ow ng poi enm ca
washi ng of the nbrane separation system 100, chem cal ﬁ%dded to,the
concentrate 4 SPOBAFRYaYESAIBH: by Reh L7 BRI HAS & &0 O5h fids P& YeAtr ane
separation device 51 are used 15 as washing water. Here, the washing water
for chenP@af WRSIHYRF2Y BOPEBGUEREN FPRRAMARE D Hlégét @F hltfeBeBRER Cal s from
the outside of the systemthrough a predeterm ned pipe. The concentrate 4
or permegugfacesntai Biiags ikl ARl elepenl I cahivatc e waghivieg wat er
into the spiral menbrane nodule 20 50, so that the nenbrane surfaces are
washed wistulf fiiké eoliéyi byl physsivialg westtamyg At Chieaviciade wafshgmaduct ion of t he
chem cal washing water, it is necessary to pay attention to adjustnent of
t he hydr @ageningonethnedentiati oahemIbadsi Sobechumécplagy pematiion dfirgal t- may
25 occur in the hydrogen ion concentration reachi ng saturated
from the membrane surfaces.
In the membrane separation system 100 according to 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 aswashingwater. 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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28 21 JUL 2005 solubility when, for exanple, dirt containing conponents
such as cal cium carbonate is washed away because the solubility of fl P UM
carbonat e decreases as the hydrogen ion concentration of the wasﬂﬂn@ vémi;
increases. In such a case, the hydrogen 5 ion concentration is adjusted so
that precipitation of salt can be avoided. As described above, in the
menbr ane separation system according to this enbodi nent, washi ng water
used for various Kkinds of washing is the concentrate 4 or perneate 3

obt ai ne%&ﬂlﬁf %%errﬁv?[')%.ee)? B S a@@eaﬂ%-aig.fiﬁgr ?E&h@ﬁpgﬁ\%ﬁ,ﬁ% . That

is, in the nenbrahe separation system 100 accor i ment,
the recovery . rate (the rate of th nt. of r te §é§ . Q anpunt of
raw wat €t> f%&tﬁ%ﬁ%'agaﬁg"ﬁ“ ttienﬁﬁo‘%/%%lg%gac%a%geﬁﬁ%%&w%rﬁgmf gf’i gx %g passed
t hrough the reverse 15 osnpsis nenbrane s ration, devi ce 51. Nbreover,
becauise SEIh ETaRe & 85T 2RI 15 (S RUCTPB6Er LER GARRSAL TRV Ane
separation device 51 is used for washing, the residual pressure which is
gener at f ithe Washdegcwat pat ERAregsefe sﬁbrﬁ\sﬁ%@nﬁaim ahedidergerat ed and
which 20 is higher than 0.05 MPa but not higher than 0.3 MPa is used so
t hat Swasthimgomtent oapide iecdiistedesspital mediphea ooyl ef SHLE Hence,
it I's unnecessary to provide any punp exclusively for washing |liquid
supply. ddratbe saveided. unnecessary to prepare any space for setting the
punp. In addition, it 25 becones possible to operate an efficient and
econom cal As described above, in the membrane separation system
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, 1t 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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29 21 JUL 1005 nenbrane perneation system In this enbodi nent, supply
punps may be provided in the pipes 20a and 2la respectively as ocCphﬂuhﬂmﬁ
demands. (Second Enbodinent) 5 Fig. 4 is a typical configuration diagram
showi ng a nenbrane separation system according to a second enbodi nent of
the invention. The nenbrane separation system 200 according to this

enbodi nrent has a structure different fromthat of the nenbrane 10
separation system 100 according to the first enbodinent in the follow ng

point. lpg EaH%gP5§BSa%§B?r%@%%%H§y5te”]200 according to this enbodi nent,

three spiral ne ane nodul e a, Sb and 50c are provided in parallel

with one anothgr. The strugcture of eagh 15 of the sgiral qﬁ Lang nodul es

50a, 50b and 508 TALY FEROHRCNY (P 1f PERRSSBRY 4P AR ddubhE s0. At

the tinme of fil ratiang?y t he nenbraqg separation system 200 according to
e

this enbBdPREntl2yvan $1655PEEBE Vel 6 QrFasiPbidepgidR: 17, a val ve
116a of a gipe 18a, a valve 20 116b of a pipe 18b, a valve 116c of a pipe

18c, a val$ecandgEmpedimpnpge 28a, a valve 117b of a pipe 28b and a val ve
117c of a pipe 28c are opened while valves 113a, 113b and 113c of a pipe
2la, fa valve 1Eig.of aspieptyRfaalacealligutddhcof ddgympen 28wiang a val ve
114c of a pipe 29c are closed. The 25 opening/closing state of the other
val ves amdmbhenepeephragion system according to a second embodiment

of the invention.

The membrane separation system 200 according to this
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 lléc of a pipe 18c, a valve 1ll7a
of a pipe 28a, a valve 117b of a pipe 28b and a valve 117c of
a plpe 28c are opened while valves 113a, 113b and 113c of a
pipe 21a, a valve 114a of a pipe 2%a, a valve 114b of a pipe

29b and a valve 1l4c of a pipe 29c are closed. The

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

30



30 1 JUL 2005 state of the supply punps are the sane as in the first

enbodi nent. Incidentally, at the tine of dead end filtration, the Y?ngw5
117a of the pipe 28a, the valve 117b of the pipe 28b and 5 the vaIv% C
of the pipe 28c are closed. At the time of filtration by the nenbrane
separation system 200, each of the three spiral nenbrane nodul es 50a, 50b
and 50c operates in the sane manner as the spiral nenbrane nodule 50
operates at the time of filtration in the first 10 enbodi nent. Raw water 1

such as [LVEer t S i reservaeir tank 10L throu ipe O is
gi ven tosgggﬁp%?ygéﬁnéﬁ%ggytﬁP%ﬁSh%%thhﬁi5€%f7a§h rb?%?%%%f%gg by the

supply pu %02, o that the pressurized raw water 1 is supplied to the
spiral n%ﬁg? H8€1%5 nodul es 50a, 50b and 50c. At the tine of filtration,

each of the spiral nmenbrane nodul es 50a, 50b and 50c separates the raw
water 1 into fin¢ideRtabrlundatohentineect dpadhendafblhapkhéenastiifie spira
menbrane nodule 50 in the first embodinent. The filtrate 2 obtained 20 by
t he spi radlvenblrénehtdel psps0a8a b0heanad 15@c liibsuppthee ¢ ipms 2pbeandeat ed
water to a reservoir tank 103 through the pipes 18a, 18b and 18c. On the
ot hers hatide thkveoht®ot vét ehb phpei 88d aly thleswapi.ral nenbrane nodul es 50a,
50b and 50c is returned back to the reservoir tank 101 through the pipes
28a, 28b and 2%t 28ge AlhersatEvekyatiba Bonede! mak® ranay R rditsehar ged to
system 200, each of the three spiral membrane modules 50a, 50b
and 50c 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 2Bc. Alternatively, the concentrate 5 may be discharged to
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31 21 JUL 2005 the outside of the systemthrough a pipe 28d. The
filtration process by which the pre-treated water 2 stored in the quﬂﬂyﬂw5
tank 103 is further separated into concentrate 4 and perneate 3 is the
sanme as in the nmenbrane separation system 100 according S to the first
enbodi nent. At the time of dead end filtration by the spiral nenbrane

. modul es 50a, 50b and 50c, all of the raw water 1 forns filtrate 2 by the
spiral menbrane nodul es 50a, 50b and SOc. Next, back washing will be

descri beqpel ButBedEEIPr@Ne s vhQ HERRLRLIGANaSYBHEM RPO, TiHE £3Rick-ale ipbr ane

nodul es 50a, 50b and 50c are back-washed successively. That is, while the

spi.ral meIane SpdlenS0n. bieDack uadat of B o9 L8l BIDLANE Lymdul €5 Sob

and 50c are continuous rat ration. '€ the
spi ral nbr a nnd%:e Ob is bag&- shed, 15 the spiral nbr ane nodul es
50a and 560%l B3chnd FePBRa Sroan 8 CPTFERERbR. | & PEETTAtH | o the
spiral menbrane nodul e 50c is back-washed, the spiral nenbrane nodul es 50a
and  Sob at® tE6ntaReGFst Y tHSramRERRe S eRALAQTbAY SHRBNL 09 §CCoX&HBI%, t he
spiral nenbrane nodule SOa is to 20 be back-washed at the tine of
filtrati & Bhet farspi emboddmendne nodul es Sob and 50c, the valve 113a of
the pipe 21la and the valve 114a of the pipe 29a are opened while the val ve
110a of the pPRpetid timeesfalessl ¢ndaf bl ttdleiqpn by tBea smidcda heenbinamell7a  of
the pipe 28a are closed. As a result, in the nenbrane 25 separation system
200, themspiulals Feapraote amddibe, Fd bf the raw water 1 forms filtrate
2 by the spiral membrane modules 50a, 50b and 50c.
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 5S0c 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 operatéd for filtration.
When, for example, the spiral membrane module 50a is to
20 be back-washed at the time of filtration by the spiral membrane
modules 50b and 50c, the valve 113a of the pipe 21a 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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32 21 JUL 2005 back-washed while filtration is perforned by the spiral
menbr ane nodul es 50b and 50c and the reverse osnosis nmenbrane sggpmﬂ;mmp
device 51. Each of the spiral nenbrane nodul es 50b and 50c can
back-washed in the same manner as the spiral 5 menbrane nodul e 50a. Next,
fl ushi ng washi ng which is another physical washing nethod will be
described. In the nenbrane separation system 200, the spiral nenbrane
nodul es 50a, 50b and 50c are flushi ng-washed sinultaneously. That is,

filtration by the . 10 .spi ral rqy (ﬁTﬁgg N10- N O?h@ng%§pgland t he
reverse£8§#o§ﬁfaeﬁkﬁﬁ?' ejggﬁggh f%g%'e |cé%§i I's confinued during flushing
washing. At the tine_of %ég%ﬂ%?g washingkEl the operatin .con%i ion of the
val ves SeELS@RS POpUMES PPt Dre2BE Bhe RV §y e O M54 %n by the
spi ral nenbrane nodul es 50a, SOb_and 50c except that thecéflve of the
pi pe 17 sepagafdopedeysgecil - t Fach pE U sPike Ly BePRr 286U U 8 e 18b
and the valve 116c of the pipe 18c are closed. Finally, chem cal washing
in the rmerbSine caephrabaok-washeyls tomth@0 saseor@inggn @st ihe sRiddilment wil |
be described. Chenical washing of the nenbrane separation system 200 is
per f or macnibt anlke Al Ot i ng manner as the back washing except the
following point. In the menbrane separation system 200, each of the spiral
25 nenbrane mpdwitesr pRah i B9 And rRfehiishcheaheghky plegdedal wadieng
method will be described. In the membrane separation system
200, the spiral membrane modules 50a, 50b and 50c are
flushing-washed simultaneously. That is, filtration by the
10 spiralmembranemodules50a,50bandSOcanmithereverseosmosis
menmbrane 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. S0a, 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 11l6c
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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33 21 JUL 2005 sane manner as at the tinme of chem cal washing of the
spi ral nmenbrane nodule 50 in the nenbrane separation system 100 inﬂtnﬁ_ 005
first enbodinment. That is, chenmical washing is performed in the sane
manner as the back washi ng except that chemicals 5 added to the concentrate
4 or perneate 3 obtained fromthe reverse osnpbsis nenbrane separation
device 51 are used as washing water. Here, washing water for chem cal
washing is produced by supply of predeterm ned chem cals fromthe outside

of the S¥§ﬁ18%%£&€899£'5 &, Praget sy %‘%dcBieRl]‘ig&]lggE@%i%%“%l%”%étE 9%

4
per neat e contai ning such chemcals s chem™a mashlﬁérmater into
each of the spiral nbrane ul es 50a, 50b _and,50c, so,tha ach of the
cpiral BENBTERE TRAREBso80%n OB SuwbSahe; SoRALREONASYRLER MABa Hbove, i n
t he nenbrane_ separation system 15 200 according tqQ the .invention, the
three spkh8lfiesheakedimsdi os THo, 1 Sorham Sot washipghsdrettesselvel y.

Hence, washing is perfornmed without interruption of filtration. Moreover,
al | of raw et evans rManngatasd the backr washdadoskesbs tharbehamisaparati on
device 51 regardl ess of washing. Hence, 20 the recovery rate is inproved.
Si nces t haddedceant théecdnobhéiraed fir om pleemeenter Sk asrmigiesd fmswbr @ne
separation device 51 is used for washing, the residual pressure which is
gener at edeiyBrBecenoeeBt nahbranby skbaratpphy deptige 1904 adavaysedicdgiat ed and

which is higher than 0.05 MPa but 25 not higher than 0.3 MPa is used so
that wasfi88ihiaihfesan Bere, washing water for chemical washing is
produced by supply of predetermined chemicals from the 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 50c, 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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34 21 JUL 2005 Iled into the spiral nenbrane nodul es 50a, 50b and 50c.
Hence, it is unnecessary to provide any punp exclusively for mashiﬂpjmhﬂm5
liquid. That is, it is unnecessary to provide any space for setting e
punp. In addition, it becomes possible to operate 5 an efficient and
econom cal nenbrane perneation system (Third Enbodinment) Fig. 5is a
typi cal configuration diagram showing a nenbrane separation system
according to a third enbodi nent of the invention. 10 The nenbrane

separ at i piyy SY{IEFha00 AELPrlini drid hig%181504! NBoY ARRS58cSt rHehss &

differentg?ron1that of the menbrane separation system 200 according to the

second eng j i g& i Hgi - h ggg@r BE -SSP, AL oNn

systen13b %%%ggggfﬁgsf%%fﬁ; %qgi@%bo E%n ,gﬁ%ngﬁane gﬁr?écégéén ?he

spi ral mbr ane g&%&{es 5%§F 50b_and 50c are masheg with concen#rate 4

stored i@ ides i trarit 185U RAEFEFEFE, 8 BFpEt2S foY SBRPFytRG the

concentrate 4 to the reservoir tank 105 is provided in the reverse osnosis
menbr anes &R At PEBR; c el B RAd i Ter 1 LPSPPEPHPOBF e SapPIFakRt he
concentrate 4, as washing water, stored in the reservoir tank 105 into the
spir& nembebhicientuted SsoancBOpainBeBbEase PReMgiafdony systedhnected to

the reservoir tank 105. The pipe 24 is equivalent to the pipe 21 (Fig. 4)

in the sethmidrerBxdohadiemeént)A supply punp 106 is 25 provided in the pipe 24°

so that the washing water is supplied.
Fig. 5 is a typical configuration diagram showing a.
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, S50b 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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35 71JUL2005 At the time of filtration by the nenbrane separation system
300 shown in Fig. 5, the sane operation as the operation in the Qécﬁh
enbodi ment is carried out except the following point. Incidentally,
filtration is perfornmed by all the 5-spiral nmenbrane nodul es 50a, 50b and
50c and the reverse osnosis mnenbrane separation device 51. At the tinme of
filtration by the nmenbrane 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 perint edh bYot he; ppLLel ofieRYr ane fBdkase 3500 nd S0C
n e .

Yo n%
and the reverse osnpbsis nenbrane separati vice operatlon f or
filtration js ne_as th econd enbodi nt. The concentrate 4
separ at W EYR AD0: S08TRAREAs 3 15 HANS G: SERAP AT GRCCRA TR LR <
stored in the reservoir _tank 105 throu h the pipe 23. The st or ed

concent r 8t &0 S€CRNE eROOFAER & SWEREF \?ndtﬂuﬁh?gﬁePﬁet%n’EﬁH‘l%szWfaces in

the spiral nmenbrane nodul es 50a, 50b and 50c are washed. Therefore, at
the timoointi | tingtidentaldy coiddmatien 4is sper iaymedt breall 2ohe
Incidentally, at the time of filtration, the concentrate 4 stored in the
r eselbvoi spimaknédbrany rhedislppbled S0 ahg P pendltthé meviea seorstia$ bh t hat
the valve 115 of the pipe 24 is opened while the supply punp 106 is
act uat ednemexdne t Hepopetr bbn oflewi céhBlnenbr ane separation system 25 300 at
the tinme of back washing will be described. In the
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 1is 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
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36 21 JUL 2005 nenbrane separation system 300, the spiral nenbrane nodul es
50a, 50b and 50c are back-washed successively in the sane nmanner as Lqufﬂmﬁ
second enbodi nent. The operation of each of the spiral nenbrane modul é

50a, 5 50b and 50c in this enbodinent is the sane as that of each of the
spiral menbrane nodul es 50a, 50b and 50c in the second enbodi nent. Wen
the spiral nenbrane nodul e 50a is back-washed, the valve 116a of the pipe
16a and the valve 110a of the pipe 17 10 are closed while the valve 113a

f th [ 24 dth I 114 of ' 2 ) , th
Supply DEBBRToRS sebtratophessatel hPG.PhR s4RE= SfRERRE mbHbL RS i TG,
of the other valves and the actuatk;gécondition of, the ot her EEHE? are

an

the sanme>88: tHEseRAb0GRr e Paskofashad sEFers By Vel Kd s pPp i 2™ e
modul es 50a, 50b and 50c. Incidentally, in this case, the supply punp 106
pressuri aesinathengewandr embpdbagktvashi ng so that a back pressure -hi gher
than 0.05 MPa but not higher than 0.3 MPa is applied to each nenbrane
surface in theThpiaparamenbodreaatodd] Bhdb8pirald membphage cattliltaohlat he
concentrate 4 stored in the reservoir tank 105 is | ed as washi ng water

i Nt o g hesgpi 4@ So@nh ane stedbbe ibGatt hsovgd $dwee s vehaltl 3 efachefpi pe 24
by the supply punp 106. The washi ng operation in the spiral nmenbrane

el enent 1Q.0L,% Pg1SRERBE aFRMRLANG DS SOB iahd BOR5iBarm: aseddad in the
spiral menbrane elenent 10 in the first

embodiment.
When the spiral membrane module 50a is back-washed, the-
valve 1l6a-of the pipe 18a and the valve 110a of the pipe 17
10 are closed while the valve 113a @f the pipe 24 and the valve
114 of the pipe 2%a 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 S0a 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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37 21 JUL 2005 enbodinent. Further, the spiral nenbrane nodul es 50b and
50c are Dback-washed successively in the sane nanner as the spiral JUL 2005
menbrane nodul e 50a i s back-washed. 5 In the nenbrane separation sigken1
300, the concentrate 4 obtained fromthe reverse osnosis nenbrane
separation device 51 is used as washing water because the nenbrane
separation system 300 ains at obtaining the perneate 3. |If the nenbrane
separation system 300 ai ns at obtaining the concentrate 4,.the 10 perneate
3 may be ed. shing water in the condition that the valve 112 of the
pi pe 20ke#§°%ﬁ@%%§@so that the perneate 3 is stored in the reservoir tank

105. I ncidentall in the case,,the perneate 3.is plLied to the spiral
nenbr ane nndulé%géﬁﬁﬁﬂ %%% %ﬂﬂr%bcm?ﬁgﬁénSagﬁgﬁé?ﬁe%ﬁgtﬁfﬁﬁ&ﬁﬁﬂﬂ?%ﬁpe 24
by the 15 supply punp 106. The mashing operation based on use of the

per neat epackrwefleed psueFefehBe iielRolliPeS3BEaMBHE TaRF 56 iP1%3e sane as

t he washi ng operation based on use of the concentrate 4. If the nenbrane
separ at i nemsyarenmadolei fBaaisobeaknkaghedd the concentrate 4 as described
above, the concentrate 4 is supplied to the outside of the systemthrough
the @i pes 23 anhd t1dnemitraniee sepawradfion sylsiteg #A8hi blge corcemtyatals of
the pipe 24 is opened, the valve 119 of the pipe 17 is closed, and 25 the
suppl y pargbtHiGeef fEbR Hideedédrse ashoal ederBrampeeptbiragion device
51 is used as washing water because the membrane separation
system 300 aims at obtaining the permeate 3. If the membrane
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 5S0a, 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 valve 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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38 21 JUL 2005 condition of the other valves and punps is the sane as at
the tinme of filtration by the spiral nenbrane nodul es 50a, 50b andZ]QUblMﬁ1
fl ushi ng washing, the three spiral nenbrane nodules 5 can be washed

i ndi vidually when any of the valves 110a, 110b and 110c of the pipe 17 is
cl osed. Assune now that the spiral nenbrane nodul es 50a, 50b and 50c are
washed si nul taneously. Flushing washing in this enbodinent is different
from that in the second enbodi nent in the nethod of supplying washing 10

vater. THSnGORGRA! patend AHSL RAA SO BLRBLC SO 08 "g%géaﬁ%gc‘ﬁ%suppl i ed

separati on dévice I's's e reservoir tan
as flushing wa q% ter to the pi 17 by the suppl u %%% f the
D e 24 SARENGE (h T ARL T oM Fae SR hBenbrand HOREIESHofl P Rate 7
supplied thus is led 15 into each of the spiral nmenbrane nodul es 50a, Sob
and 50c Qﬁc-the supply punp 1-02 in the pipe 17. The flushing washi ng
operation is the same as the flushing washing operation of the spiral
nenbrane el emedn fduphipaewdshing enlerlitferge sHifal perdyanecBedNdSIfi ng in
t he nenbrane separation 20 system 300 according to this enbodinent will be
descr3 bedan Be whshednendivideal byl whwes hhmg dh thee vieemesaid Csepdrldbi on
system 300, the sane chem cal washing operation as 1in the second
enbodi neahd 51perdbrimdperxeept idhatldserel. cAnsankr abe thst drred sipi rtalie
reservoir tank 105 is used as 25 washing water.
membrane modules 50a, 50b and 50¢ are washed simultaneously.
Flushing washing in this embodiment is different from
that in the second embodiment in the method of supplying washing
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 chenical 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.
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39 z | JUL 2005 As described above, in the nmenbrane separation system 300
according to this enbodinent, the three spiral nenbrane nodul es ﬁQqULqmg
and 50c are washed successively. Hence, washing is perforned wt
interruption of filtration. In 5 addition, all of raw water is filtrated by
the reverse osnosis nenbrane separation device 51 regardl ess of the
washing, so that.the recovery rate is inproved. The nenbrane separation
system 300 according to the third enbodiment has a plurality of spira
menbr ane el enents, Wi]l.e t he sele ed spiral nenbra ghe ene

rearea St he o rdesdt ifed b e, Sfh SHE AR L e RIRLADE SLTTR R 1 on

Hence, filtration can be perfornmed stably for |l ong t|nme that the

per meat @%%rﬁ%’%@%?st%r‘b‘ﬁ%fi:e%{“b@?ﬂ“e%t{ sthe s‘é@f?%n‘%ﬂn@?%vﬁn%‘f‘bﬁag%par ation
menbrane in 15 the spiral nmenbrane el enent 10. As shown in Fig. 6, the
separ at i nodwkedr 2, 420bf anfeS0spr gl Washigta#e calesPdite 130 hH@néeporous
reinforcing sheet (porous sheet material) 42a, and a perneabl e nenbrane
body 42bwasftaimdoi s prdfsiranid adﬂtyxosrtpamauaimglpfum odnfahtrattiegral Iy 20
adhering to a surface of the porous reinforcing sheet 42a. The perneabl e

menbrane; §9dyi drp d1sl BEdeawiwane Aenbel traekdds edHe pavERsegsSMPsEONSI Sti ng
of : polyvinylidene fluoride (PVDF) ; one kind of polysul fone-based resin;

2 mzét lé,“ﬁ?ﬂ%reé"é? QﬁBaﬁQfﬁoK' 8816t 9ol ysyhtareshasedthesiashang, assopol yner
pol ysul f one-based resin and a pol yner such as
that. the recovery rate is improved. :

The membrane separation system 300 according to the third
embodimenthasaapluralitycdfspiralmembraneelements. 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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40 21 JUL 2005 polyimde or fluorine-containing polyimde resin. The
porous reinforcing sheet 42a is made of a sheet of woven fabric [ i
of unwoven fabric, a mesh net, a foaned sintered sheet or the |Ikg mu?@
pol yester, polypropyl ene, 5 polyethylene, 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
t he perneable menbr ane body 42b are bonded to each other in an anchoring

state 1@l\qﬁ'd%ho%a¢é1h fo B CHAdL M P POUP A LALT PLELRY sheet 42a s

filled woeh art of € resin conpone rtuting t per meabl e
menbr ane body b. The back ressure ) g th epar.ati.o rane
42 backed wﬁth%ﬁﬁep85P835r?é hPEFEPHGS LR é gtagi {?s %%%‘%@ hﬁ%qn§¥b val ue
hi gher than 0.2 MPa, that is, a value rangi from about 0. a t o about
0. 2 'NPa. “RHERIERPEREy. 3 MR h G POMO TGS FRPA]Cne Bagh T 'os<ute Befengt h

w Il be described later. |In order to obtain a back pressure strength of
not | owesimfigred zheed ox Gbe bikarsHedngobPohretes f REAYOra®Yille&®epor ous
20 reinforcing sheet 42a, it is preferable that the sheet of unwoven
fabris haslyethydleness pofl yani8leammn ¢l 105 ken &hda aradensteyial - 0.5 g/cn to
0.8 g/cm. If the thickness is smaller than 0.08 mmor the density is
| oner t haar@iTw/aaly, thehestfdf ansmivest fabgtik & pheferini pncied isheet
cannot be obtained 25 so that it is difficult to keep the back pressure
strength tQfyms of film-formability and cost.
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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41 21 JUL 2005 the separation nenbrane 42 at a value of not smaller th E
0.2 MPa. On the other hand, if the thickness is larger than 0.15 ZhﬂUbﬂﬁihe
density is higher than 0. 8 g/cm, peeling occurs easily in the interface
bet ween the perneabl e nenbrane body 42b and 5 the unwoven fabric because
the filtration resistance of the porous reinforcing sheet 42a becones high
or the anchoring effect into the unwoven fabric (porous reinforcing sheet
42a) becones | ow. Next, a method of producing the separation nmenbrane 42
10 wi Il be descr]

d,_First I , -SQql | i t
are adodt® mapat R e 324 E o vALRG b Bt IS LRI D The
I | f - based iptoth b h N '
001 Ut oritFer OF £RE ObBEyCUFRaNC: b bt TSRS ot LAEEECENaR O Fpm ted i 1

it has 15 at | east one (-S02-) portion in nol ecu] ar structure af
r epr esent@@royhe gensaltyold hégserddian &1 Srpreil PR 11 NI CEHrsFasylh R o 0
42 21 JUL 2005 In the structural formula G1, Ris a bivalent aromatic,
al i cycl i tnorheliirgreatfiac chysrtosamh e egperpeabls Benbrame degantéb grdup
cont ai ni ng such hydrocarbon groups bonded by a bival ent
5 the unwoven fabric because the filtration resistance of the
porous reinforcing sheet 42a becomes high or the anchoring
effect into the unwoven fabric (porous reinforcing sheet 42a}
becomes low.
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 (-SC,-} portion in a molecular structure as

represented by the following structural formula C-1.

(C-1)

—~O0—R—-0—

\ /1 \_/

O==wuny =0
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organi c bond group. 5 Preferably, there is used one of polysulfone-based

resins represented by the follow ng structural formulae G 2 to C-ﬁgjggqgm

10CH3 O OC\/ OS\/ CHB3 O (CG3) 150 Il O 20 (CG4) O 25 JUL

2005 Exanples of the material preferably used as the solvent for

pol ysul fone are N nethyl-2-pyrolidone, dinethyl formam de, dinethyl

acet oam de, dinethyl sulfoxide, etc. Exanples of the material preferably

used as the non-solvent are: aliphatic 5 polyval ent al cohol such as

et hyl ene glycol, diethylene glycol, propylene glycol, polyethylene glycol,

and gl ycerol; [Iawehe siiyprural flogohdla Sudh Bd sretihivol enetdmmed tiand

i sopropyl al cohol; and | ower aliphatic ketone such as nethyl ethyl
alicyclic or aliphatic hydrocarbon group or a bivalent organic

group containing such hydrocarbon groups bonded by a bivalent
organic bond group.
5 Preferably, there is used one of polysulfone-based

resins represented by the following structural formulae C-

2 to C-4.
(C-2)
10 C|:H3 : O
|
— 0O (IZ O S
|
CH, O
(Cc-3)
15
O__
f
S O
|
Q
20
(C-4)
i
— O S O
25 I
Q
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ket one. 10 The non-sol vent content of the m xture solvent containing the
sol vent and the non-solvent is not particularly linmted if the optdingslh
m xture solvent is honogeneous. Generally, the non-solvent content is
selected to be.in a range of fromS-% by weight to SO % by wei ght,
preferably in a range 15 of from20 % by weight to 45 % by wei ght. Exanpl es
of the swelling agent used for accelerating or controlling the formation
of a porous structure are: netal salt such as lithiumchloride, sodium

hl ori de, d Llithi i X -sol ub hi gh- nmol I d
T heei o AR IO LRk, B ohESPL RS, LA T ERY 80y sprpounc o
pol yvi nyl pyraqlidgone, and pol yacrylate; and formam de. The_ swelling agent

cont ent 6L PRE YHLEAE 2bf Yerte thy lndt R dangq Jimethvicprmanige,

filmformng solution is honmogeneous. Generally, the swelling agent content
i s sel ecdmetlybadatoanizie rdrgetby liswhiox gy eligi. ghtxamp 5es wibyheei ght .

44 21 JUL 2005 Cenerally, the concentration of polysulfone in the
filmformaogrsal uprefiersbpyefierdbby $bkenbedspdviemti mra :r arlggphaofid rom 10 %
by weight to 30 % by weight. If the concentration of polysulfone is higher
t han 530 Bo6byvakégbtalddi Wateh 45 pehgeahiel glycol, tHhe tblllainzegl pesdys
separation nenbrane is of no practical use. If the concentration of

pol ysul Lpﬂ@pﬁeﬁ@wglycbm;mpéQy&’thym@iegtytl,ycfohe ARehanivedlrslty angidy of the
obt ai ne por ous separation nenbrane is so poor that a sufficient back
aliphatic alcohol such as methanol, ethanol, and isopropyl
alcohol; 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 1s homogeneocus.
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 1s not particularly
limited if the film-forming solution is homcgeneocus.

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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pressure strength cannot be obtained. 10 Then, a filmis fornmed fromthe
filmformng solution on an unwoven fabric support. That is, a c s
film formng apparatus is used so that the filmformng solution iIs
applied on a surface of a support sheet of unwoven fabric or the like
whil e the support sheet is fed out successively. 15 As an application

nmet hod, the filmformng solution is applied on the unwoven fabric support
by use of a gap coater such as a knife coater or a roll coater. Wen, for

ae Tol | one, THRSPEL LYy Bo¥: REnerREAERR g LR €57 830 bet woen

two rolls, .the filmform soJution is applied Qqn fhe  unwoven fabric
SUpport BAAN" SPTRHBISSALUE PR, 11 IR 3 bRE T DS AT ShbGveR 1t Fande
sufficiently inpregnated with the filmformng solution. Then, the unwoven
fabric S@Bporam Il §dak st AT 5AGHO & PHMBLBREY Lyl RERSSPREFENESAEHAED a snal |
anount 25 of water in the atnosphere is absorbed to a surface of a liquid
45 21 JUbI2p05yshilifonapplsi bdgbwert & amidy én thalwdighto tiHee ebytenuse

m crophase separation in the surface layer of the liquid film Then, the
unwoven pabmeabstppersdfithe phtndedd poaocsel sepdyanjonatebtamk isoft hat the
whole liquid filmis phase-separated and solidified. 5 Then, the solvent is
washed awgyprdttoi ol aseWashf kel @dkcehbrat hbs JMpoEYsul lfensepan atieen

menbrane 42 is fornmed. When the separation nmenbrane 42 fornmed as descri bed
above ignyfedol § WAGHK JPiY Al HE RS 1AM Wyt ofheheeBBEaAfed
porous separation membrane is so poor that a sufficient back
pressure strength cannot be obtained.

10 o 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 between 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
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separation systens 100, 200 and 300 according to the first, 10 second and
third enbodi nents, the back pressure strength of the separation nH

42 is so high that the separation nenbrane 42 can be prevented fEﬁJlggmﬁg
broken even in the case where the spiral nenbrane elenent 10 is
back-washed under a back pressure of 0.05 MPa to 0.3 MPa. 15 Exanpl es
(Exanple 1) In Exanple 1, the nenbrane separation system 100 according to
the first enbodi ment shown in Fig. 1 was used to be subjected to a

en e i i 6 B sl

menbr ane t provi in eac rane nodul e and the

reverse osnosi s, mnenbrane separat.ion devi ce used i npl hown in
Tabl e 1 SRPAGJFIPLD hBeFuG C%d@é/erT8§I %i%%\@@%hevgpég%n%si s
Target Device Separation Device NMenbrane, Separ at.i.o Devi ce, Shape Spiral
Spi ral SRR FRRE S RAPPY T ok HIEFIE S ki Br SO IS BR5EEI THEd

pol yam de Size D aneter: 200 nmm D aneter: 200 mm Length: 1016 nm Lengt h:
1016 mmso that thewhole liquid film is phase-separated and solidified.

5 Then, the solvent is washed away in a water washing tank. In
this manner, the separation membrane 42 is formed.

When the separation membrane 42 formed as described above
is used in each spiral membrane element 10 in 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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Menbrane Area 30 nz 28 n2 The continuous water-pass filtration test wa
performed in the follow ng condition and procedure for the purposdlami2w5
measuring the recovery rate of perneate 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 2 m/n2/day menbrane el enment Back washing
interval 20 mnutes Back washing time 20 seconds Continuous operating
time 180 days Flushing washing tinme 30 seconds At the tine of back washing,
t he concEn“gtﬁ 4 was supplied to each nenbrane surface in the spiral
nmenbr ane enent 10 at a flowrate of 60 L/min. At the tinme of flushing
washi ngf ‘the raw water 1 wag suppliedﬁiqéfach mepbrikerec sse f@QsBosia t he
spiral frenbrapgeel 8aRRE10 4t a fFGW FA€0f 90 |Metbrandsepaesuiongf the
continupus water-pass filtrgt PERAESL PadEF G t he af or gamAtdeoned

[a]

condi ti pr—the very tTatg - of—i5zp€ are 3 tp raw T Was 60} %
(Exanpl b2} 47 $09854° o051 1 aaswﬁif‘tgg tre—n n‘mEau'V\%;nggl{at'.uu Syst em
200 accprding to the second [enbpdi gebhysbasnei n Fig.u}ﬁWégﬁﬂ%§ %o he
subject bd to dad@tialuous wdt er- papsubihaeati on fest, crosslinked
polyamide
Size Diameter: 200 mm Diameter: 200 mm
Length: 1016 mm Length: 1016 mm
Membrane Area 30 m? 28 m?

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.

_
Permeation speed of spiral 3, 2
membranz element 2 “‘4@'/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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The specification of the spiral menbrane el enment provided in 5 each of the
spi ral nmenbrane nodul es and the reverse osnosis nenbrane separ atiszr]ugqm]ﬁce
used in Exanple 2 was the same as shown in Table 1 in Exanple 1. "The
continuous water-pass filtration test was perforned in the follow ng
condition and procedure for the purpose of 10 neasuring the recovery rate
of perneate 3 to raw water 1. The condition at the tinme of filtration was
the sane as shown in Table 2 in Exanple 1. In Exanple 2, however, the

plurality of ital a oyVJ i h r separation
system 200 mrrzpmga%mégie %’c&%ﬁﬁéﬁ% A%lég%'ﬁaet?loéregggﬁggcgﬂﬁas hi ng, the
concentrate 4. was s%i ed to e%}cl?r%cﬂienbrtan surface.in the spiral ,nmenbrane
el enent 3RFHALG | ELC SRS EL neqt O AR FFL1 sty USedhi ng,
the raw water 1 was suchIied to each nenbrane surface in the spiral

mermbr ane-Q RATEMDIRF A G % HOMEIEUST DM ALGH- P2 T B 3 i} (L4AL t he

continuous water-pass filtration test based on the aforenentioned

condi ti dhe sipeaiddmadrionr afe tbe sperabanendrape red MRl brpo Wede @0l N
(Exampl e 3) In Exanple 3, the nenbrane separation system 300 25 according
to tbhe tduatd cefrinddd rmitr sshovembirarfe gnodii s argke oo ref@e e H4m@O0S be
subjected to a continuous water-pass filtration test. The specification of
the spi nadmie{iy ALt drvdddeddd igaERampl et Dewspi tie s@mdrase

nodul es and the reverse osnosis nenbrane
shown in Table 1 in Example 1.
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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separation device used in Exanple 3 was the sanme as shown in. 5 Tabl h i n
Exanpl e 1. The continuous water-pass filtration test was performed ! ﬂﬁ ng
foll owi ng condition and procedure for the. purpose of nmeasuring the
recovery rate of perneate 3 to raw water 1. The condition at the tinme of
filtration was the sane as shown in 10 Table 2 in Exanple 1. In Exanple 3,
however., the plurality of spiral nenbrane nodul es provided in the
menbrane separation system 300 were washed successively. At the tinme of

back Wasfcnguph e (EAnCen cahe 4uls watBplLbads! pi pREbL BN ARe. Supface 1n

t he spiral ane el enment at a wrate of 60 L/mn. At the tine

of flushin hi ,_th w water, 1 i (o) ‘ e.surface
in the spi %&I\Ii’afs OEI é rﬁplllff]atme\gﬁ%ag%ogéfaggg% ngﬁ?%gﬁ@ﬁ%caﬁr esul t
of the continuous water-pass filfration test based on the. af orenenti oned
condi ti oRT ERe SPAdGUeRSTPAARe GOC e S aRAEE S T8 VRS SEPRAT b8 PETRIARS 06
(Comparative Exanple 1) In Conparative Exanple 1 for conparison with

Exanpl e BePaxaridey sl isepased én BEyampAesAovAsi Bhei 3pne amsShady i be
subj ected to a continuous water-pass filtration test. 25 Fig. 7 is a
typi cal Gebfliegur atri dixadipalgr am showi ng the 49 21 JUL 2005 nenbrane
separation systemused in Conparative Exanple 1. The nenbrane separation
system 500 showhd foht@nudubagatear-spasie tfiirle rditf ifcer €rt tfwaspeeiomied he
menbr ane separation
in the following condition and procedure for the purpose of
measuring the recovery rate of permeate 3 to raw water 1. The
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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system 100 shown in Fig. 1 in the following point. 5 In the nmenbrane
separation system 500, each membrane surface in the spiral nenbraqq Jipdke
50 is washed with pre-treated water 2 filtrated by the spiral nmenbrane
nodul e 50. Therefore, a pipe 19 for-supplying the pre-treated water 2 to
t he reverse osnosi s nenbrane separation device 51 and a 10 pi pe 25b for
supplying the pre-treated water 2 to the spiral nenbrane nodule 50 are
separately provided in a reservoir tank 103. Further, a supply punp 107 is

provi deqpdh e pé@ﬁa§§910n':b'§.§f'§ﬁ useli PR égmbgﬁ:a%lﬂ@@ ¥ixaghoike jper meate 3

to the outside of the systemand a pipe. 26 for discharging the
concentrate 1 e, put S oi k 101
are provi ded5L|' ﬁet e revrg#sszé%grﬂﬁlirpnéﬁr%%gﬁe@@gggggﬁ %ﬁ ggééi'cz 1&%‘ At the

time of filtration b e_nepbrane ra m_500 shown ..n Fig. 7, a
valve 155 EEeTFr s b8 TR T CFER8 . ERRRG N Ehey ERE B, SEO R R S ed i 1
the pipe 25b sto @ 20 Raw water 1 i s sep araiid iinto concentrate 5 and pre-
treat ed S¥3lesm 2L 9 ?%%wgp?Farlﬁen%réﬂetﬁﬁdGP 8y ingh@oifte treated water 2
is stored in the reservoir tank 103. Then, the gre treated water 2 stored

in the reservoit thekmamarage $eRArAtEORhEYFESBr S800s RBSHS NERWEEAGe
separation device 51 25 through the pipe 19 by the supply punp 104. The
pre-treaefad®d nlthe)lsp0058] memkerane| mddinheoSOhé sr washsed odridsi s nenbr ane
separation device 51 is separated into pernmeate 3 and concentrate 4. Here,
the perpestterdated swppetedl £l t et editisy dehof s inea s yednnnr 4 qugdiule
50. Therefore, a pipe 19 for supplying the pre-treated water
. 2 to the reverse osmosis membrane separation dewvice 51 and a

10 pipe 25b for supplying the pre-treated water 2 to the spiral
membrane module 50 are separately provided in a reservolir tank
103. Further, a supply pump 107 is provided in the pipe 253b.
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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t he pi pe 20 whereas the concentrate 4 is discharged to the 5 outside of
the systemthrough the pipe 26. Wien the spiral nmenbrane eIenent:@MUﬁLﬂW&
spiral nenbrane nodul e 50 is back washed, the valve 113 of the pipe 25b
and the valve 114 of the pipe 21b are opened while the valve 116 of the

pi pe 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/closing condition of the other valves and the

act uat | ”%act%;%d% Eg%;]lﬂéott@l% %@8]258 enEntserf%fﬂﬁféi'eesé’ﬁ JrcFﬁ"?i

filtration Iral rane e nC| e case,
mashlng ter for k ,washi n ssur.i zed b pl 107.
Fence, “aatk Preatared figharinait oa HracBEeR hbACh: Dhoriaiin B1% L
applled to each nenbrane syrface in the spiral nenbrane eIenent 1Q as
subj ect BETRESHENg. 150 SPRPLARS EondPei BRESERE Prfe Hife SYSd el t-Sr 2% ored in
the reservoir tank 103 is led as washing water into the spiral nenbrane
el enent theoPipife 2pinhar apsntihen RN HO thrbughlsehergediveo1tBeof the
pi pe 25b by the supply punp 107, so that back washing is perforned. 25
When $| ushitisg deasii ridne §y;ﬂrefirortrmmuqfhe:heavpm e261 51 21 JUL 2005 stored
in the reservoir tank 101 is used as flushing washing water 7. That is, the
fl ushi ng washi Agenatcdr: Epdtrarlechembrdre glesemtoi Y0 tanktidlspsrded into the
spiral menbrane nodul e 50

membrane module 50 is back washed, the valve 113 of the pipe

25b and the valve 114 of the pipe 21b are opened while the valve

116 of the pipe 18 and he valve 110 of the pipe.l7 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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by the supply punp 102 in the pipe 17, so that flushing washing 5 is
performed. In Conparative Exanple 1, the menbr ane separation systgquugqm5
shown in Fig. 7 was used to be subjected to a continuous water-

filtration test. The specification of the spiral nenbrane elenent provi ded
in each of the spiral menbrane nodule 10 and the reverse osnpsi s nenbrane.
separation device used in Conparative Exanple 1 was the sane as shown in
Table 1 in Exanple 1. The continuous water-pass filtration test was

per formad iy e thal kawe?goﬁgneghkomngs ALOGEUL & f\n Hhe PUUIRASE Of 15

measuring t he recover er nea to raw wa
the t Il t h ' le 1. At
(e 11 g 1oL RN e S o ) . JaE R Rl L A

surface in the spiral nenbrane 20 element 10 at a flow rate of 60 L/nin.
At the HeREIHOKT jSHiknd Oladfi h§d tRECBRE EREFAL RRRPRARD MWD Hhch

menbrane surface in the spiral nenbrane elenent 10 at a flow rate of 90
L/ min. bAsthersepiply sfumthéOdoin itheonéraat &r Seatbati flughind wasdtiinghsed on
t he aforenmentioned condition, the recovery rate of 25 perneate 3 to raw
wat eb 1 iwapedpmds. 21 JUL 2005 (Conparative Exanple 2) In Conparative
Exanple 2 for conparison with Exanples 2 and 3, a nenbrane separation
system shown imh EbgpaBavhseUsathple 1, the membrane separation system
500 shown in Fig. 7 was used to be subjected to a continuous
water-pass filtration test. The specification of the spiral
membrane element provided in each of the spiral membrane module
10 and the reverse osmosis membrane separation device used in
Comparative Example 1 was the same as shown in Table 1 in Example
1.
The continuous water-pass filtration test was performed
in the following condition and procedure for the purpose of
15- 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.
At the time of back washing, the concentrate 4 was
supplied to each membrane surface in the spiral membrane
20 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

25 permeate 3 to raw water 1 was 54 %,
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to be subjected to a continuous water-pass filtration test. 5 Fig. 8 is a
typi cal configuration diagram showi ng the nenbrane separation system used
in Conparative Exanple 2. The nenbrane separation system 400 sh@vnJULn2085 g.
8 has a structure different fromthat of the nmenbrane separation system
200 shown in Fig. 4 in the following point. 10 In the nmenbrane separation
system 400, each nenbrane surface in the spiral nenbrane nodul es 50a, 50b
and 50c is washed with pre-treated water 2 filtrated by the. spiral

menbr ane gggﬁg?§a§g@e ggﬁmgqg 59c. Therefore, a pipe 19 for supplying the
er e

pre-treat to t reverse osnosis 15 nmenbrane separation device 51
restreated water 2 i_r-al

and a pi pe 25a.for _supplyin he Q.the s
menbrane modul 48 58R0386H 1V GRaBELE 2 SehararEry LBPOvIAEE EARIESer vor
tank 103. Further, a suppl u 107 is provided i,n the pjpe 25a. Further,
2 pipe 28 ¥R LGRS TRIS Re Bt FBLE e S F TR SHANTS il A8 - | hevaso Usrst em and
a pipe 26 for discharging the concentrate 4 to the outside of the system
or to a teskevebpieahrd10? areopkdprargd wphernpagsvEidErasdesi $esdnbr ane
separation device 51. At the tine of filtration by the nenbrane separation
syst € 400 sho®mgi.n8Fig. a8typataéscongaguraghoandiagiemofshohd n23Ehs pe 25a
are closed and the supply punp 107 provided in the 53 21 JUL 2005 pipe
25a st opsemBawneatepat aits one parsdtead ugdd ico et ed el ve dixlhpp ke £reat ed
water 2 by the spiral nenbrane nodul es 50a, 50b and
The membrane separation system 400 shown in Fig. 8 has
a structure different from that of the membrane separation
system 200 shown in Fig. 4 in the following point..
10 In the membrane separation system 400, each membrane
surface in the spiral membrane modules 50a, 50b and 50c¢ is
washed with pre-treated water 2 filtrated by the spiral
membrane modules 50a, 50b and 50c. Therefore, a pipe 19 for
supplying the pre-treated water 2 to the reverse osmosis
15 membrane separation device 51 and a pipe 25a for supplying the
pre-treated water 2 to the spiral membrane modules 50a, 50b
and 50c are separately provided in a reservoir tank 103.
Further, a supply pump 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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50c. The pre-treated water 2 is stored in the reservoir tank 5 103. Then,
the pre-treated water 2 stored in the reservoir tank 103 is led i gu;Eﬁﬁ
reverse osnosi s nmenbrane separation device 51 through the pipe 1

supply punp 104. The pre-treated water 2 led into the reverse osnosis
menbrane separation device 51 is separated into perneate 3 and 10
concentrate 4. Here, the perneate 3 is supplied to the outside of the
systen1through t he pi pe 20 whereas the concentrate 4 is discharged to the
out si de of Sgy # m.t hrough the pipe 26. In the nenbrane separation
system 4%30p % BP 15 nenbrane nodul es 50a, 50b and 50c are back-washed
successively |n t he sa panner as i . \Wen tgﬁ raI menbr ane
el enent 10 in R§E ¥aFeh) hﬁnﬁ?ﬁﬁéaﬁﬁauF8t90§°P§eB§Eﬁtﬁb ttHéEVal ve
113a of the pipe 25a and the valve 114a of the pipe 29a are opened while
the 20 ve¥setade#abertAcbpi pe 1901l anl Iﬂ%bm@énqcmhe@ﬁ%e pPBeand are

cl osed. Further, the supply punp 107 in the pipe 25a is actuated. The
openi ng/ zPosi ﬂ‘gle:@mﬁ-tﬁmt(ﬁd whéeot Bels \atlonessd dind theheeaetrvat.kngasbndi ti on
of the other punps are the sanme as at 25 the tine of filtration by the
spird neodramhemdulles midsstSeEteddwRtled W 2005ed aivd O0e. réserdental |y, in
the case, washing water for back washing is pressurized by the supply punp

%/g;. i SHen@&akaldIﬁCiKs IR S stoe theghetetBang Snd5idRacbianet sépghgtibhan 0. 3
device 51 through the pipe 19 by the supply pump 104. The
pre-treated water 2 led into the reverse osmosis membrane
separation device 51 is separated into permeate 3 and

10 concentrate 4.  Here, the permeate 3 is supplied to the outside
of the system through the pipe 20 whereas the concentrate 4
is discharged to the outside of the system through the pipe
26. .

In the membrane separation system 400, the spiral

15 membrane modules 50a, 50b and 50c¢ are back-washed successively -
in the same manner as in Example 2.

When the spiral membrane element 10 in the spiral
membrane module 50a is back washed, the valve 113a of the pipe
25a and the valve 1l4a of the pipe 29a are opened while the

20 wvalve ll6a of the pipe 18a and the valve 110a of the pipe 17
are closed. Further, the supply pump 107 in the pipe 25a is
actuated.

The opening/closing condition of the other valves and
the actuating condition of the other pumps are the same as at

25 the time of filtration by the spiral membrane modules 50a, 50b
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applied to each nmenbrane surface in the spiral nenbrane elenent 5 10 as a
subj ect of washing. In this condition, the pre-treated water 2 stonqdjy{ gl
the reservoir tank 103 is led as mashlng water into the spiral nenbrane
el ement 10 of the spiral nenbrane nodul e 50a through the valve 113a of the
pi pe 25a by the supply punp 107, so that 10 back washing is performned.

Furt her, back washing of the spiral nenbrane elenment 10 in each of the
spiral menbrane nodul es 50b and 50c is perfornmed in the same manner as

back washi g th I Gan I t s ATgyrhnane
nodul e 5 aIa aﬁgh f?ﬁgﬁﬁﬁé%ﬁés néﬁlgh%eggggneﬁgsgﬁgbrgﬁi%g{g% 1g@stored

im%sth?ﬁg;?«fa%é‘i&ﬁ ?%%fﬂiﬁ% : s SRl 8ol bs Qzaml’.ﬁ@lﬁ%hw%ﬁal 50
iti 11 0 10 17

closed  RESGRETI highemnghapng -5 ﬁﬁs REhpane s drand - 5Pk soc ar e
washed S|nultaneousl¥h@The raw water 1 stored in the reservoir tank 101 is

led as APRdAE eRRrere A4riasre AR E1 SR IRdmRRea e ddiedent50a, Sob
and 50c by the supply punp 102 in the pipe 17, so that 25 flushing washing

i s pebfolfeds 55 sHPIRIL ZO05VasHtGnpar at i ve Exarrpl e 2, the nenbrane’

separation system 400 shown in Fig. 8 was used to be subjected to a

continuous waflertpasscdnditianothteeptre-Theaspdovdientdi shookdt e t3y r al
reservoir tank 103 is led as washing water into the spiral
membrane element 10 of the spiral membrane module 50a through
the valve 113a of the pipe 25a by the supply pump 107, so that

10 back washing is performed. Further, backwashingof the spiral
membrane element 10 in each of the spiral membrane modules 50b
and 50c is performed in the same manner as back washing of the
spiral membrane element 10 of the spiral membrane module 50a.

When flushing washing is performed, the raw water 1

15 stored in the reservoir tank 101 is used as flushing washing
water 7.

In flushing washing, the three spiral membrane elements
can be washed individually in the condition that any of the
valves 110a, 110b and 110¢ in the pipe 17 is closed. Assume

20 now that the spiral membrane modules 50a, 50b and 50c are washed
simultaneously.

The raw water 1 stored in the reservoir tank 101 is led
as flushing washing water 7 into the spiral membrane modules

50a, 50b and 50c by the supply pump 102 in the pipe 17, so that

25 flushing washing is performed.
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menbrane el enent provided in each of the spiral nmenbrane 5 nodul es and the
reverse osnpsis menbrane separation device used in Conparative Exanjijieifs

was the same as shown in Table 1 in Exanple 1. . The continuous water-pass
filtration test was perforned in the follow ng condition and procedure for
the purpose of 10 neasuring the recovery rate of perneate 3 to raw water

1. The condition at the tinme of filtration was the sane as shown in Table
2 in Exanple 1. In Conparative Exanple 2, however, the plurality of spiral

menbr ane nmodul g3 &ngvafgaecgtwﬁ;égftamrﬂg; %Eacril(e%ﬁ?%:% s% S%sLem éggtmare

washed successi ve washi ng, e concehtrate 4 was

l'ied f h
1 ow r ot 8OBr a0 T o S § HE'S R oo ﬁasﬁ}lhiec&g’éﬁﬁﬁ ¢ eI RIPUA e 1
TSPl ES! SyE3ch, [EPLENS SUL! 206nd B ARGt e Bl prpne 20

filtration test based on the aforenentioned condition, the recovery rate
of pernBameraneoctaenkt BroYidad 83 ercheedl e @@lrailn TEBEHARE 1 i n whi ch
the concentrate obtained by the 25 reverse osnosis nenbrane separation
devi Ge wasdubes aasl Was riervg r sB6o Mo 91k neddE angaseparahéongesiisrgusade was
i nproved conpared with Conparative Exanple 1 in which pre-treated water vas
used as wasthmga nat eve Eiamfrkanplwess Xendakhd rowvsholnt he Teabdentr dhe
obt ai ned by the
Example 1.
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 Comparative Example 2, however, the
plurality of spiral membrane modules provided in the membrane
separation system 400 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 aforementicned condition, the recovery rate of
permeate 3 to raw water 1 was 54 %.
(Evaluation)

In Example 1 in which the concentrate obtained by the

25 reverse osmosis membrane separation device was used as washing
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reverse osnosi s nenbrane separation device was used as washing 5 water, the
recovery rate was inproved conpared wth Conparative Exanple 2 i wiiciils
pre-treated water was used as washing water. 57 71 JUL 2005 WHAT Is
CLAIMED TS: 1. A treatnment system conprising: a spiral nmenbrane el enent
including a porous hollow tube, and an envel ope-Ilike separati on nenbrane
wound on an outer 5 circunf erential surface of said porous hollow tube,
said spiral nenbrane el enment capabl e of bei ng back-washed under a back

pressur e i aher s 033 Byl M Dl N 1 808 Eokiitltedh S BB 2 iAW s¢

osnosi s nmenbrane separati on device provided on a amside of said

spiral nbrane el.ement;.and i L Quj pl ) rovi ded so
t hat at nl%éczggp eafdﬁvﬁﬁi?hpoeﬁ%%gee%t%%t%q oéflég:)ﬂnsgeedrsl? Eavg%s(ﬁ%/rlt?%gﬁf% d%t ai ned
from said reverse osnpsi s_nenbrane separation device .at the, ti of
filtrati R BFo8R; 8Ss§i PAE Aohbrhh ROt S QP n%%gbrﬁ%q i qui d
to said spiral nmenbrane elenent at the tinme of 15 washing said spira

nenbr ane FEVERSH: O SROS ASAMTAIIR SEPSEahiLfcOe Yl A a5 Essima waidme n sai d
washi ng i ncludes back washing, which is perforned by said washing |iquid
suppl § systtem,sthe Feicoyeriveast e ¥asainpodvedicenpa neek wibhl €dmpiadaitd sy
concentrated liquid ejected fromsaid reverse osnpbsis nmenbrane separation
devi ce | E€xampild 2dt ehdahdrapirad t o datarewes enent asndesh enpmedsarre hi gher
than 0.05 MPa but not higher than 0.3 Mra.
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25 3. Atreatnment systemaccording to Claiml, wherein said 58 y 1 JUL
2005 washing includes flushing washing, which is perfornmed by s 'p ﬂ@'ng
| iquid supply systemso that at |east a part of said perneated ﬁqém{g %
concentrated liquid ejected fromsaid reverse osnpbsis 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 Claim1l, wherein said washing liquid supply systemis

provi de t hat | east .a 10 part of said perneated |iquid or

concentr T fromsaid reverse osnpbsis nenbrane separation

device is supplied, together wwth chemcals, to said spiral nenbrane

el ement 145 5.4 W3 ERRentY3|RTAPRRELFYNAG to Claim 1, wherein said
concentrated liquid or permeated liquid ejected fromsaid_ reverse osnosis
menbr ane separ&iSPénadavgrter ans ed ereditoing L uging auper o ghed lowapuipe 05 MPa
but not higher than 0.3 MPa, so that said washing |iquid supply system
suppl i esamd deastvalppetl PRBeofepardttoncennbabee Wogoidd oor gperondatred | i qui d
to said spiral menbrane el enent under said residual pressure at the tinme

of sai dciesihhhgredt il shedanmns £ $udider feed hdilngw tulkd aiseild spheakin: 25 a
plurality of spiral nenbrane elenents as defined in 59 21 JUL 2005
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 scid 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
said 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
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Claim1l are provided in parallel with one another, said spiral nenbrane

el ements bei ng washed successively so that while one of said spi :qu JUL 2009
menbrane el enments i s washed, at |east one of the other spiral nenbrane

el ements is operated for filtration; - 5 and said washing liquid supply
systemis provided so that at |least a part of perneated liquid or
concentrated liquid obtained fromsaid reverse osnosis nenbrane separation
device at the tinme of filtration by the plurality of spiral nmenbrane 10

el ement s%%%ap_hh&%%&@&&%g@iu%rﬁiﬁ@, %q@hst@grﬁ%;f@;\fﬁ?néeg% s%'fi%frent at

the tinme of washing said spiral,” nenbrane el enen 0

operatin : : S i .n i ral r.ane enent.,. and a
reverse %g%éﬁgat}re%&gnéﬁgf%egg%gg%{‘ogogtét\}lggeigrlo%%g(f g’r?rgd 3gﬁéatlrﬁgam si de
of said spiral . nenhrane, el enent aid spiral nenbrane el enent having a

por ous . RBFTBRE AL BHE GF GRISISIEA b oD LapH T Ir TRorERE SBUHd Jon an
outer circunferential surface of said porous hollow tube, said spiral

nenbr ane TEFERERt O TRPEDF & FOUFI N §ERAERIHASHERY LGRS %@paiba@lkt%ﬁ@gﬁu e

hi gher than 0.05 MPa but not higher than 0.3 MPa, said nethod conprising

t he stepseiragduppiyrane gl emeastiatatpariing ofefindaraion uish ot spdanadent r at ed
|l iquid obtained fromsaid reverse osnpbsis nenbrane separation device at

t he ti nemefbfahner atlieoventfy. sai d 25 spiral nenbrane el enment,. as washi ng
liquid, to said spiral 60 21 JUL 2005 nenbrane element at the tinme of
washi ng said spiral nmenbrane

4. A treatment system according to Claim 1, wherein said
washing liquid supply system is provided so that at least a
10 part of said permeated liquid or concentrated liquid ejected
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 0smosis membrane separation device has a residual
pressure higher than 0.05 MPa but not higher than 0.3 MPa, so
that said washing 1iquid 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

sald washing.

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

25 a plurality of spiral membrane elements as defined in
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element. 8. A nethod of operating a treatnment systemaccording to 5 Caim
7, wherein said washing includes back washi ng, which is perforned mePQM5
at least a part of said perneated liquid or concentrated |iquid €
fromsaid reverse osnposis nenbrane separation device is supplied to said
spiral menbrane el enent wunder a pressure higher than 0.05 MPa but not

hi gher than 0.3 10 MPa. 9. A nethod of operating a treatnent system
according to Claim7, wherein said washing includes flushing washing,

SR E Y Omgp?gvi@@g A da?2ih el RRth dle SaidyTRaladbiyid 15 or

concentr ej ec m sal reverse osnos separ ation

device is su to said spiral ele I

filtrati® %%.egl%?fe%ﬁ%m&aﬁégg SheresShpe L, S%%%hli? SBerating a
treatment _system according to Cla|n17 wherein at |east a Eart of said

per meat e@f | $3RA FREIT2E R F?%?e%l?maﬁtﬂ +F ¥R ot sHPRSF evRPs@L osnosi s
menbrane separation device is supplied, together with chemcals, to said

spiral nenbodbherebpisal MEOBANS el epentz0bs Omat@drﬁpﬁo@bﬁr@'{ab@atl ng a
treatment systemaccording to Claim?7, wherein said concentrated liquid or
per mdat eshdi quid ejected fromsaid reverse osnpbsi s nenbrane separation
device has a residual pressure higher than 0.05 MPa but not higher
said washing liquid supply system is provided so that

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

10 elements is supplied as washing liquid to each spiral membrane

element at the time of washing said spiral membrane element.

7. A method of operating a treatment system including a
spiral membrane element, and a reverse osmosis membrane
15 separation device provided on a downstream side of said spiral
menbrane element, said spiral membrane element having a porous
hollow tube, and an envelope-like separation membrane wound
on an outer circumferential surface of said porous hollow tube,
said spiral membrane element capable of being back-washed under
20 a back pressure higher than 0.05 MPa but not higher than 0.3
MPa, said method comprising the step of:
supplying at least a part of permeated liquid or
concentrated liquid obtained from said reverse osmosis
membrane separation device at the time of filtration by said

25 spiral membrane element, as washing liquid, to said spiral
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5 than 0. 3 MPa, so that at |least a part of said concentrated liquid or
perneated liquid is supplied to said spiral nenbrane el enment undgr] Riaizih
residual pressure at the tinme of said washing. 12. A nethod of operating a
treatment system wherein: 10 a plurality of spiral nenbrane el enents as
defined in Caim?7 are provided in parallel with one another, said spiral
menbr ane el enents bei ng washed successively so that while one of said
spiral menbrane el enents is washed, at |east one of the other spiral

menbr ane_el ats i rate C Tt iqQn; 15 .and l,e rt of
per neat eHLef“ugg%P 8;aggﬁge%%rg]§é3{l ?qoufir S}ac%}léﬂ gﬁlﬁ]gﬁ%égildggé?%ra%% osnosi s
menbr ane gﬁaration device at the tinme of filtration by the plurality of
spi ral PBhe el ements is supplied as washing liquid to each spiral 20

menbrane el enent at the time of washing said spiral menbrane elenent. 62

8. A method of operating a treatment system according to
5 C(Claim 7, wherein said washing includes back washing, which is
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.

g. 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 liquid ejected from said reverse osmosis membrane
separationdevice is supplied, together with chemicals, to said
spiral membrane element.

25
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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 liguid is supplied to said spiral membrane element

under said residual pressure at the time of said washing.

12. A method ¢f 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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