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DESCRI PTI ON i f SEPARATI ON MEMBRANE MODULE AND OPERATI NG
METHOD OF SEPARATI ON MEMBRANE MODULE 4 5 TECHN CAL

FI ELD The present invention relates to a separation
menbrane nodule for efficiently elimnating turbid
materials accunulated in a feed water spacer wound
around a spiral 10 nenbrane elenent and to a nethod for
operating the separation nmenbrane nodul e. BACKGROUND
ART Conventionally, as or desalinating
seawater 15 or for ongﬁgﬁﬁg%ﬁPBh purity water and
process water for various manufacturing processes, a
nmet hod of separating ion conponents and |ow nol ecul ar

wei ght _conponeryye (i 0M P HENAUAE URge SPira

menbr ane el enent ich a reverse osnosi s nenbrane

( RANDTRIBHIBRING 'METHE AP 'éﬂﬂéﬂlﬁmﬁ;’bﬁ}&ﬁfﬁm ULE

menbrane) is used 20 as a perne rane has been
known. The spiral nenbrane elenment is also used in a
ultrafiltration nethod for separating |ow nol ecul ar

TECENQOALCPIpDDent s and hi gh nol ecul ar wei ght conponents
or for renmoving only high nol ecul ar wei ght conponents
f r onTThieepreseoteinveht jbn md batesirtoval gbpacarponeinemb2ane
and | ow nol ecul ar wei ght conponents or in a

mogyteofprt effiohenhdyhetlimbnatepar tuihid fmatepaalscl es.
As shown in Figure 8, an enbodinent of the

aceypybatednin 3pfead waherafeaceeneeendssround eavepbpal
nenbrane 83 fornmed froma sheet of perneate water

membLRRe SLERERT APd EPef SRERIR Sor pErERiidy the agepration

melglcr)]rgr?é hmodule .

BACKGROUND ART

Conventionally, as a method for desalinating seawater
or for obtaining high purity water and process water for various
manufacturing processes, a method of separating ion components
and low molecular weight components from feed water using a
spiral membrane element in which a reverse osmosis membrane {RO
membrane) or a nanofiltration membrane (NF membrane) is used
as a permeable membrane has been known. The spiral membrane
element is also used in a ultrafiltration method for separating
low molecular weight components and high molecular weight
components or for removing only high molecular weight
components from the mixture of high molecular weight components
and low molecular weight components or in a microfiltration

method for separating fine particles. As shown in Figure 8,

an embodiment of the conventional spiral membrane element has
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surfaces thereof, by closing off three sides of the
perneate water spacer 82, thereby form ng a envel oped
menbrane 83. The 5 open side of the envel oped
menbranes 83 is attached to a perneate water collecting
pi pe 84 and the envel oped nmenbrane is spirally wound
around the external circunference of the perneate water
col l ecting pipe 84 together with a net consisting of

2 SEAIBLE peRGRL £5°1oFREH 1RR s S PR SaF L eer
sofh 8Py, S 1483 BRREE el 81 SRILAEch ggb
suf?&&é@tfﬁéfe&g}s%¥ %omag Off QYR 3liarg B&etﬁggggﬁmeate

wat er spacer he feed water perneates t
wa?:lEﬁ spFAEY 82  OBRBSEBy RIEM BIF a8énvé'f8988rnf@rﬂ$r.ear¥@t8%r. 8fhe

ows al ong {5t he perneat e wat er spacer 82 into the

opER 5TRR &f WhleCén €8] d156d meaibrAnee #¥ianttiacHiseb Pedmeate
fromthe other end of the perneate water collecting

wabepedddedtindpspammand thd eatelapet haflsPgte iisSspirally
formed by the feed water spacer 85 provided between the
wound radeowemy ¢lheped t eenhilanesc@df e P6nde mit thhespegmeate water
separati on nmenbrane apparatus having two or nore
coklegeingfpipep dtdget asnbrisihea msitt soneashingiaf feed water
consi sting of one or nore separation nmenbrane nodul es,
spagenfged Fepdpatan &6 igrmupphied frpmons engddiflaesf argpiral
WO Or nore, havingkthe above pentioned spiral nenbrane

meRbEARA(© L FRETE 36 /CLHIUAIAIGNE HhenEent HAkEE 8 BaRsToRze and
i U EEONELY 3 Py oML en Sl U5 LD emirane
L8 4 o TR AR 2 | InEa Efodia afnd e
oSl B8, OSSOy AL W BBl Ebuon cne
rev@riid 83mddds R AARERIEd THe B Aldfle water 87 flows along
the permeate water spacer 82 into the permeate water collecting
pipe 84 and is discharged from the other end of the permeate
water collecting pipe 84. In this manner, a feed water passage
is formed by the feed water spacer 85 provided between the wound
enveloped membranes 83.

A multi-stage separation membrane apparatus having two
or more stages of separation membrane units, each unit
consisting of one or more separation membrane modules, arranged
in parallel when the number of modules are two or more, having
the above mentioned spiral membrane element, have
conventionally been used to increase the recovery ratio of water

and the throughput capacity. For example, as shown in a

multi-stage separation membrane apparatus %0 in Figure 9, the
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wherein the feed water is separated into perneate water
to be 5 discharged from perneate water di scharge pipes
96a, 96b and concentrate water to be discharged from
concentrate water discharge pipes 95a, 95b. The
concentrated water discharged fromthe separation
menbr ane nodul es 94a, 94b is collected in concentrate
wat er collecting pipes 97a, 97b and sent to a second 10

fedd me%eeaga&&ea f%‘dﬂPEﬁHlB §Pqy §%§8 (wﬂaaaafb%&b%&%&aggggly

concentrate water supply nmaln pi a second stage

ma YR Sipe SUPRnG T dhdHRE)r B wzla%rpg,&geat §3%at 6611 8o first
di scharged from a perneate water di Scharge pipe 101

st aGé sl ra? o hémb LaN@ mdkulies 94 §CPALILEr41Q8Q an parallel,
concentrate water discharge pipe 10 0 - In 15 thi's

whéBeieIthd fRRld RAtbReis NS SpSEa06d LAY Peirmiad e\VRheer to be
obtained in the front stage in the separati on nenbrane

disEithi ged Nfidie peieaté aget€nndifichienge p1veds cEOYLIY6b and
ratio of water. in addition, arranging two or nore

COTSEqIal Bd T © nwaneab ram eherodlis aisa raged nErah agencemt Pt el water
can i ncrease the throughput capacity. 20 when

disizhalgagipes SHeavatddb .or Theodanstagthaghdpwatey distkarged
or process water for various manufacturing processes

fromithe separationcnewbsanssnedwbed i Hdibr AF evbheated in
feed water is pretreated for the purpose_of

CORTEN: FRE S Hg Lot #F bl ek B9 RLPesahtR « Ad bl 3@ senfet g @cgecond
wat er spacer in the reverse osnpsis, 25 nenbran%uiggra

stage ReRaAFALID JeMbrang (TS usla 20 b es s)
t i de_the feed t ith I tact
oo R S, BSEAYhEn b e o S BRCPERRE e A S er
. h ! =y .
suppidth, hin) (L FRE bEEHCHBEPhaPEER PO%a1 IO HET! Bom
a AT Al8lerNqiBenb e MBLE 1 0 SRACEneHNhEENELS€e Water

clogging of the feed Wat'er” passage. The pretreatnent
is Id9 sk lrbi cddken® ratoustbiad {3t tyd piglec 0BLS In

in the feed water to ensure a safe and long-term
this manner, treating the interstage concentrate water obtained
in the front stage in the separation membrane module in the rear
stage can increase the recovery ratio of water. In addition,
arranging two or more separation membrane modules in one stage
in parallel can increase the throughput capacity.

When desalinating seawater or producing high purity
water or process water for various manufacturing processes
using such a reverse osmosis membrane spiral element, feed water
is pretreated for the purpose of eliminating turbid materials
and the like. The feed water spacer in the reverse osmosis

membrane spiral element has a small thickness (usually 1 mm or

less) to provide the feed water with as large a contact area

with the reverse osmosis membrane as possible, while ensuring
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operation by avoiding a water flow pressure drop and a

decrease in the anount and quality of the perneate

wat er due to accunul ated turbid materials. A
pretreatment apparatus used for elimnating such

turbid materials includes various process 10 units

such as a coagul ation and sedi nentation, filtration and
menbr ane separation, which not only increase

the QLA Fedd dia AP Pde Ay 05 i DUesAlR0 MBS tuftbid

arge Installation area. 11 the pretreatnent apparatus

matFid N6 iSEPRE Hde) vﬁ%@’@“@@%é’fﬁééhﬁuﬁﬁfbﬁgiﬁ t?fé' Fa8kd water
nmenbr ane el enent can be omtted, 15 industrial water

spad¥k | 3R viRlger is§ande1b5§2h§h thBofbed Riatldregh8BALe. The
thereby enabling systemsinplification, mnimzafion
préfrddtnémstial | pdr formsdain askide s tiaiibvd tipaiats Iy
cost. Such a system has an extrenely high industria
mateatitels Tihrerdiorfced daesk wad esnsapacey dwfa ighdd long-term
structure less 20 liable to accunulate ion of turbid
oparetteioraby avoikdieglinwhbgy fldwpressuek droptand ardeakrease
materials that may accunulate in the feed water spacer
in pyhea| ammutti agmafqudlel gperfattilyy prmest o waker highstof
flushing is very useful. The technol ogy capabl e of
acqumpiatad tgn matertiadisal sAppretrer tRgnt RPRPEI NS riiped
met hod 25 or by flushing is particularly preferable,
fosphdmingEang swehivirddd RAyerl 2 by insd Uses yarious process
conventional spiral npenbran elenent as is,.4 Japanese
un 58 S Tadh PcabRanL ARLAROREN, SR T bastos € bl i gat apd
thod of flushing a.rev e i
men oI5 RRRatg oo IR S0 PR hs Ut 5 A Tt 6n and
opdASUH It s 080 hGUbA-bRIPAATE LE AN 4L LD M IAF QL.

opposite to t'he normal’ Tlow directton ed water.
The 1t Uehé NrOire PBRENESTpPIra WCKSE Lhe dopatatioat e
turbid materials deposited on the surface of holl ow

menit e HBARL AR i9g & spdldadhembrane element can be omitted,
industrial water and tap water can be treated without
pretreatment, thereby enabling system simplification,
minimization of the installation area, and reduction of
operating cost. Such a system has an extremely high industrial
value. Therefore, a feed water spacer having a structure less
liable to accumulate ion of turbid materials or a technology
that can eliminate turbid materials that may accumulate in the
feed water spacer by alteration of the operating method or by
means of flushing is very useful. The technology capable of
eliminating turbid materials by altering the operating method
or by flushing is particularly preferable, since such a

technology may allow use of the conventional spiral membrane

element as is.
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fiber reverse osnosis nenbrane nodule, but not to
elimnate turbid materials deposited on a feed water
spacer of a spiral 10 reverse osnobsis nenbrane nodul e.
An obj ect of the present invention is therefore to
provide a separation nmenbrane nodul e that can
efficiently elimnate turbid materials accunulated in
a feed water spacer wound around a spiral-type

Cepar APrae-SoRarans ABRFEaeph ol aRiEh e Hor ThERAF 3

di S O A5 6258 udiid AU s Qéméé‘fs ereﬁl%%tne module

i nventi on have conduct ed "ext ensi ve st udi es.

by B kuasHit®y th@ mEMSBBﬁéﬁmﬂﬁiﬁeﬁﬁﬂﬁﬁpbﬁ§ﬁng'E essurlzed

separ ati on menbrane nodul e having a spifal "nenbrane

ga®l Bl d ofwd Lyehd 9@ ef 1dw Wr cﬁh@mlﬂwﬁ&p&?wﬂ@twmne
n

menbrane and a feed water spacer are wou around t he
noxwd Brfibdw od 1 xetf toie e Béed witfeieat eheatfdiushdelg &gt i ng
pi pe, turbid materials in feed water accunul ate 25
baakwadlyinqg, | ntvesEct | 15 tar eaksiminade chunh ic snafer ixel d eed
wat er spacer intersect, that turbid materials
depaxited snethensuntadesd heddow Epbeemeambranesadi Ayhollow
elimnated if the separation nmenbrane 5 nodule is
Lihgye rza Ry sthigenqsf  Renkr e ingdighe arhyt dth i@k eingte
| ow of feed water tqQ reverse directions, that the
tuigid mademialst degesidedaPBra deqd waten FOACECPEa cpigal
flushin %@ﬁatlon Is carried out two or nore tines

TeNfHETP t ReRkane JEM v ection i s changed, and
t hat hi d t | | dif
fI B RE DTSt HEBRAEHC LhPeRri00 s S Pt iR AL BAdviae
| rs@ﬂ%%ug%%ﬂfao%e:?ﬁ{%heo}nﬂﬁﬁ:ﬁsecu ive 1}%2‘% lmﬁate
tuﬁgﬁﬂl Feﬂialé a&ﬁffngiel?iéwin 'anféé@w@tt@%cgg,é&bf %ﬁhaeafcmnd

ect1on of 10 water i medi ately before t
a spivahiRgePfeabraie dI\@Rént and a method for operatlng the

separation membrane module.

DISCLOSURE OF THE INVENTION

Such being the case, the inventors of the present
invention have conducted extensive studies. As a result, the
inventors have found that, in a separation membrane module
having a spiral membrane element of the type in which an
enveloped separation membrane and a feed water spacer are wound
around the external circumference of a permeate water
collecting pipe, turbid materials in feed water accumulate
mainly in intersection areas at which wires of the feed water

spacer intersect, that turbid materials accumulated in the feed

water spacer can be easily eliminated if the separation membrane
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findings have led to the conpletion of the present
invention. Specifically, the present invention
provides in a nethod for operating a separation
menbr ane nodul e having a spiral nenbrane el enent of
the type in which an envel oped separation 15 nenbrane
and a feed water spacer are wound around the externa
circunference of a perneate water collecting pipe

moéx!i‘fé ‘%‘Lé"é%bfﬁteﬁ%ﬂié?(febﬂga)%lysgf’airﬂniﬁﬂdé@?@bEﬁﬁ%ging the

nodul e operating net hod

£18PYPlfedd Fallikt to%éﬂ@rﬁm&@dﬁ%nﬁmb@nghg@ﬁffmency
conprising a front separation nenbr ane 20 nodul e('s

of tarbid RaCefPAT A1 INBHN AR ShefBAbe8Iif WPuShifgr eratlon
spiral menbrane el enents arranged in parallel and a

is € r i@ PAHal tved ¢ ks et skl v én ey i Fged et el ow
menbrane elenment or two or nore spiral nenbrane
disdeEnbon sisachanged ,i andpaliat Imich wiveeetarbiidt maséadfls can
concentrate water fromthe front 25 separation nmenbrane
be pddmieasedi sf §dgabnhigald gasnppdiost foomtamer art ime during
separation menbrane nodul e (s) (hereinafter referred to
operat igemf dihersepabataien meibmoparediley modolf (8 [first
), a nethod 6 characterized by operating the
fl‘b@p&%t@&ﬁrm Anonmh ipnsecufhive flughing yopgrations is
ing the flow of feed water toQ reverse

irregul arly chaqg
ca]&ﬁ%%‘gtq“&nén Fhes é’éﬁ??b‘?ﬁ AT SH @QeegéyeEFéPBd‘@ﬁe?ﬁ‘Ed
d el f_turbid q@ I ] at ed
watrn el%a%%é]g\?]elg%f%’%”tt;’\tb erlasaccu aeélJhe
SR e %%%% %%. SR g
a flashLp 1c9£’ Hﬂh%npké?éﬁg g> oGidEeren ‘éx':ﬁ@éhod
I n Iow

al ter ate y ctions

foz.aldﬁé'ﬂe[’tglﬁdq% fseeeéiamiﬂn ki Pefh iR ieO haviiti a splral

configuration ensures elimnation of turbid materials
merBid Bl lcdleg@knithoif Nt RE SERLe M #heah ah émeelsped dparation

spacer w thout fail.

membrane and a feed water spacer are wound around the external
circumference of a permeate water collecting pipe (hereinafter
referred to as “separation membrane module operating method
(I)”) or a method for operating a multi-stage separation
membrane module comprising a front separation membrane
module(s) having one spiral membrane element or twoc or more
spiral membrane elements arranged in parallel and a rear
separation membrane module(s) having one spiral membrane
element or two or more spiral membrane elements arranged in
parallel, wherein interstage concentrate water from the front

separation membrane module(s) is sequentially supplied to the

rear separation membrane module(s)(hereinafter referred to as

"separation membrane module operating method (II)”), a method
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The present invention further provides the separation
menbr ane nodul e operating nmethod (I) or (11), wherein a
first 15 flushing operation is carried out in the
direction reverse to the direction of feed water

I medi ately before the flushing operation. This
configuration ensures efficient dislodgnent of turbid
materials accunul ated in intersection areas of the

chégn%éﬂ%dsgff.éﬁr%%fﬁ@zz S0l A BROAE 1
ik 1%f§g&f9€w;dmf@?ﬁ%ﬂglgﬂzzogé;gtedo»ﬁater

nﬁ%ype% anrgﬁ{? q\:Cﬁgﬂs‘ﬁqaratlon rrel%orane nd

dlﬂé&ﬁﬁenQQn\ﬁa&fm%Héﬁ%n fHﬁtWQBEQ Iff’e[t%&nfhfshﬁc@&hﬁﬁﬁ%'ed in
circunference of a perneate water collecting pipe, the

inOPes&tt 16 "Bt Qs PP SFEGd Wi PTspRESr f | ushi ng
operations, in which the first flushing 7 operation is

carrThd puesentt havdnteohi absbepeosedes the depeehtddn
of feed water i medi ately before the flushing
menpea e modnl enseraningmnedhodn Bnenr(@d jt,hehspein @f f beshing
as in the invention nentioned above. 5 The present
opérateinn a8 cAxnied owntdeso pmgnmadaneboaﬂtmm@he impelitker
operating nethod (1) or 1 wherein valves on the
of peterehtew (it egctiors aﬂeererﬁ tering|hedierd ivatehel low
flushi ng operation., Feed water used for flushing
1¥ﬁﬁﬁ%ﬁqon 1H6%§°H§ﬂgﬂéﬁﬁé89eeﬁﬁPSG@heélQéB%Fé?Poﬂf turbid

o TEEEERS B 1 SR OB BT LR Pkl Boeer

r_si de r en. However, the feed water perneates
Spﬁérlgug tl}aoustgpigarla ion merrbrane nmodul e for | ow pressure

operghé gﬁrééew?ﬁ{@éﬂéﬁo@r‘f&f‘@hé’ﬁ é“@té'ie Sév\%afé&on

open, ving rise to a decrease i ushlng
menbiWhe ARAR operating method (I) or (II), wherein a first
flushing operation is carried out in the direction reverse to
the direction of feed water immediately before the flushing
operation. This configuration ensures efficient dislodgment
of turbid materials accumulated in intersection areas of the
feed water spacer, whereby the elimination operation can be
carried out easily.

The present invention further provides the separation
membrane module operating method (I) or (II), wherein the
separation membrane module comprises a spiral membrane element
of the type in which an enveloped separation membrane and a feed

water spacer are wound around the external circumference of a

permeate water collecting pipe, the operating method comprising

one or more flushing operations, in which the first flushing
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15 perneation of water with a low quality. O osure of
the valves on the perneate water side brings about
anot her effect of causing foulants deposited on the
menbrane surface to be suspended due to a back
pressure created inmmediately after closure of the
val ves, thereby increasing the effect of flushing 20
operation. The present invention also provides the

op%f??i@ﬁ f?ec%F é&ngugnng€h8p§{ﬁéé€ ﬁefg?gréé)tgrthe

ressure on

disé 163 &€l pas &dwg)géfrﬁmﬂgéha{%g%?é@ofge%@é' iy hln?de

Rel easing the pressure on t wat er supply”s

opEESt 888 €S THi rafo@&%ruq:atﬂwn Rhe%3es the SRR @Efecengs in
causes the nmenbrane slightly to rise, whereby turbid

théul gvért SoRCRemtl ghed Sodde nenbrane surface and feed
wat er 8 spacer are caused to float. The present
i nverheoprésehbetinpentidnsadsoephodiaks eher skpaAgadion
nmul ti - stage separati on nenbrane nodul es, wherein the

merhbxesie mpdiplsr aiperatding netild i(I9t age (FEparabhenain valves
menbrane 5 nodules is carried out for the separation

on righd r peeneate | waten side haxe agrt ore¥wrekesdd gloopngfthe
the separation menbrane nodules. This configuration

flypleingteperabien mFaedawateirs usdge dofrr Fhushd ng apfiration
spiral nmenmbrane elenments fromflowing in and fouling

do%’n 8ot parmepte hhnomaly afeRAEHefrsmenhrypg W%@ltfor high
i nvention further rOVI es a separation nenbra

Pregivtra %rﬁ‘g\hoﬁ]gwé hig Fgﬁsgﬁﬁpﬁ"{ﬁfbﬂﬁethe valves

on $HE GRired LSEEr 181 GE 21 popﬁ*%ﬁ %ﬁﬁ&gﬁﬁng% Fefdyater
e Lot ofgnSPUREAL LI OFRINEG TRUL e £8P 10w pressure

separati er nea
op¢ L ST 9Er RIHRE wiaQivied o‘nothg PQE&E&F&%&@&EVs:‘éagearé’fopen,
e separatlon nmenbr ane no [ow direction

gl&iﬂbﬁ¥i%é”to a decrease in a flushing water flow rate and
permeation of water with a low gquality. Closure of the valves
on the permeate water side brings about another effect of
causing foulants deposited on the membrane surface to be
suspended due to a back pressure created immediately after
closure of the valves, thereby increasing the effect of flushing
operation.

The present invention also provides the separation
membrane module operating method (I) or (II), wherein the
pressure on the feed water supply side is released before the
flushing operation. Releasing the pressure on the feed water
supply side decreases the pressure that presses the membrane

and causes the membrane slightly to rise, whereby turbid

materials accumulated on the membrane surface and feed water
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pi pe having a second valve and a first branched pipe
for discharging concentrate water connecting the first
feed water supply pipe with the concentrate water

di scharge side of the 20 separation nmenbrane nodul e,
and a second branched pipe for discharging concentrate
wat er branched fromthe second feed water supply pipe
for discharging concentrate water when the flow

spg@é€0£{gn%gﬁsé&egom@iggt1s reversed. This configuration

enabl es the separation nenbrane nodul e operating net hod

(1) &¥he preBBnedihiBHt®8h rlrfha&r"BLEvEARET Al HeéthdhCor
present Tnvention further provides a multi-stage

opSEPEL @ | £ RN ANRy A BRPaFaS oniemBIrAnkh848188¢ wherein
concentrate 9 water froma separati on nenbrane nodul e

th@ff laidNiay opepardbnodf therhAne 3pRYerbepalhtiohl M@hbrane
separation menbrane apparatus group is sequentially

modubps i jad chertiled vadr feepdiciseparailvrmmembiradel Rodhlas in
rear separation nenbrane apparatus or a rear 5
eadcle page an fuendacin grappar fitthe sppars t ide nembriane modules.
separation nenbrane apparatuses or the separation
Thixrbninguappicatpeentfotnrhidined egdgdsad L obhodged faom the
apparatus group have a first feed water supply pipe
fronh sedirad memhrapeselemgentes fxogefbawingetn ansk Epudippl Hhe
pi pe connecting the first valve with a separation 10
redqgente bl iRiPeane rele®entat i on nenbrane nodul e, a
perneate water discharge Eigeh%oined tﬁﬁthe gerneate
wat ef € BECBFPEhENVERBAP Rt FBRERERDPEREL (BT LR eSCRAF AW
irection conversion. pipe .having a,second val ve and
merfhy e TRPTFACH ViR SrE okt R S o fr e
¢ . . o
cofffSEN 3 Lol yiiect SERPLPPuier b1 Eh & FEFEERAING 08 deond
fedd RfatdiP! g\?ﬁbidp ﬁﬁl?e fdmetiv fifd 11k CONMR SIDTv PN
having a thir val ve, and a second concentrate water
seph Seas® amicR@ ¥ ABaied, thendia s de@ednedingldule, a

supply pipe and having a third val ve.

permeate water discharge pipe joined to the permeate water side
of the separation membrane module, a flow direction conversion
pipe having a second valve and a first branched pipe for
discharging concentrate water connecting the first feed water
supply pipe with the concentrate water discharge side of the
separation membrane module, and a second branched pipe for
discharging concentrate water branched from the second feed
water supply pipe for discharging concentrate water when the
flow direction of feed water is reversed. This configuration
enables the separation membrane module operating method (I) to

be carried out in a simple apparatus.

The present invention further provides a multi-stage

separation membrane apparatus, wherein interstage concentrate
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Thi s configuration enabl es the separation nmenbrane
nmodul e 20 operating nethod (I1) to be carried out in a
si npl e apparatus. BRI EF DESCRI PTI ON OF THE DRAW NGS
Figure 1 is a flow diagram of the apparatus for
carrying out the operating nmethod of the separation
menbrane nodule in 25 one enbodi nent of the present
invention. Figure 2 is a flow diagram of the apparatus
£ [ : ' f .
watSE £R ¥ BlpdraciOh AORPEANEhARHOR & shDRE penpration
O RAESEHat AVGOt - PN FEGNE Cspd Safidn | RYSH
me a a FTONE %?é€%@15n s AL a%%%r%i%us

the apparatus for carrying o e operating ne

grélﬂfé iSeBaHAEhERa TBPE WS i P E€nékrely kbpakathBh membrane
enbodi nent of the present invention. Figure 4is a

modhi B 6t $ hewd N Os SpSE4 tITdn Mebrd e AUPbP a rear
menbrane nodul e in one enbodi nent of the present

sepawSi o ® memibt Hnk eappa Batusd | @voh AGkEer @in tiee separation
mul ti-stage separation nenbrane apparatus in one

memitatk nEpphaxd tides poesend seperdt Don mdnlgtdee Gpparvatuses
fl ow diagram of the nmulti-stage separation nenbrane

formireg dthes siepagadtiler membodinee appafrathe grespnbaté a first
invention. Figure 7 is a flow diagram of the

feed watestsupply pipeatonnepbed tane fHpmdr valvet @ seaengli fepd
out the experinents of Exanples 7-11. Figure 8 shows

watRr SPPlyePdpe LA NIDANe TLEGE sl 63 Wadibsameprzafeion
nmodul e. Fj gure is a flow diagram of a conventiona

memprane g %ep"i?%tﬁ?ﬁ‘?’?%‘h’cﬂ% nARampdule, groeqggite
R GRS U T, LMENT O T ar g e o,
Seéiﬁiﬁonﬁﬁ%dgﬁﬁgﬁ%{l%gi \énurkgoge?g%%?#'gl\?vd%? ag‘%gsrﬁi'% %ipe
haihd BB oS U8 WP RLBI LS GULDD Sty
pip<L ¥R €ke concentrate water discharge side of the separation
membrane module, a first concentrate water discharge pipe

joined to the flow direction conversion pipe and having a third
valve, and a second concentrate water discharge pipe branched
from the second feed water supply pipe and having a third valve.

This configuration enables the separation membrane module

operating method (II) to be carried out in a simple apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a flow diagram of the apparatus for carrying
out the operating method of the separation membrane module in
one embodiment of the present invention. Figure 2 is a flow
diagram of the apparatus for carrying out the operating method

of the separation membrane module in another embodiment of the

10
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osnosi s nenbrane apparatus 10 has a first feed water
supply pipe 12 connecting a feed water supply punp 11
with a first valve a, a second feed water supply pipe
13 connecting the first valve 25 a with a reverse
osnosi s nenbrane nodul e 10A, a perneate water
di scharge pipe 14 having a valve e joined to the
perneate water side of the separation nmenbrane nodul e
f Qi ectl: 1 n I OR: DI [
T G o 2, f8 Y I RPan e AR S dracus
fof bﬁ%&@&%%@eﬁe%éﬁﬁxgﬁéfnseme@ﬁé 3@phRathibhShembrane
f eed th the conce

eed Wat ér supply pipe 12 w trate water

modti BE et G191 dRothehenbeuehedtosOEhe PREDERDCI HPEWE fon.
10A, and a second 5 branched pipe 121 for discharging

Figoreential® dedwindsWehBty 4 rofidduse@ndieasepy@£fion
supply pipe 13 and having a valve d for discharging
menioraed Uiicd €l evad 1e rond esmb i mdow ¢l reted i presdnt faegention.
water is reversed. Avalve c is installed in the first
Fidumencheiks pa pel db Id fayram seharhge mo coinestrd geatseepat #trionl 0
In the reverse osnosi s nmenbrane apparatus 10, the
memizcane appalnagus andneembadinedtapf thie preseoteinvemeion.
valve c is opened so as to adjust the pressure in the
Figivtril e 19 a Presdiageamomt theduliel 14 tage \waparat onl
the valve e are open. Feed water is supplied to the
meRkRANS ARRHATES dhATHE S RIRCdgNey Qiﬁéﬂf%éﬂ? gsent
. water supply pu 11. The feed water is treated.in the
1nYeRfr QR @éﬁb‘gﬁesngné‘?bﬁaﬁgoh’o&&ﬁgrfﬁ‘Aoén& e :i =& %o
concentrate water that is _discharged vi e first.
SCRALHCHUY SIPE DS 2RI AT T ERAr T R tHe °éloqin{55ﬁt‘?’%ﬁ%r““ents
q e : . . . ‘
of ¥pata BT EIER B shBAL 4 ol iSHALEEH ribdnionas

revi i GRS UGl dnd RicduTRl.er i“i‘éﬁréth be 4 eethwad £igram

accumulate in the feed water spacér wound around the
of @ eERRentibhad Ru0€8ie§8agel s@pLratiss mamssandldfpastus.

the extent of accunul ati on depends on turbidity of the

feed water.
BEST MODE FOR CARRYING OUT THE INVENTION

The operating method for the separation membrane module

in a first embodiment of the present invention will be explained
with reference to Figure 1. Figqure 1 is a flow diagram of a
reverse osmosis membrane apparatus for carrying out the
operating method of this embodiment. In Fiqure 1, a reverse
osmosis membrane apparatus 10 has a first feed water supply pipe
12 connecting a feed water supply pump 11 with a first valve
a, a second feed water supply pipe 13 connecting the first valve

a with a reverse osmosis membrane module 10A, a permeate water

discharge pipe 14 having a valve e joined to the permeate water

side of the separation membrane module 102, a flow direction
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Accumul ation of turbid materials in the feed water
spacer 25 increases the differential pressure for

wat er perneation. The feed water flow direction is
reversed in such a case. Specifically, the first valve
a and the valve c are closed, the 12 valve d is opened
so as to adjust the pressure in the nodule to a
prescri bed one, and the second valve b is open. This

coﬂﬁ%fgé%lggﬁﬁaggmﬂi??% EESRBS%M a 1%18’ aﬁ?&?%tf}:r)f’gﬁched

wat et di scharge side o e reverse

pif8 T8I Fo FRTRCHAG gTRGUESHdOAY Pa PO alt@ o RO ﬂg%h'enf Prst

concentrate water that 1s discharged via the second

fedd anshadsabpeylRipé arz diigahen&idth eitatld dhter'@i €fharge

and perneate water that is discharged via the perneate

sidetef thieseboegeepbPiodds mMeibidheaiaiilad 90aGCHAYl 8t €6cond
in intersection areas of the feed water spacer can be

bramshed pibelilsdlodeed ddsehakrigingatetceytraverwavgrtieanched
flow direction of feed water. Since suspended

f rombdia el deans watey duppler pipe 18 ahdehideengwateslve
agai n accunul ate in the feed water spacer installed in

d fioredébehengingt¢orcéntrdiee wategy wbendfhefdioat dhgection of
hours, the feed water flow direction is again reversed.

feerhiwatly prodenansad r 8pealea cheseanstallqielnithpgiirst
for reversing the feed water flow direction nmay be

branghed le 1 otox rQbﬁ{ﬂﬁgln%ﬁ%Q%ﬂfﬁaﬁ%t‘@Ws of
1-24_ha and eferabl 1-12 hours,
i nt ef O Ei §9V8§§ ¥“F'T‘ anﬂqulagm’ggs rﬁ?s't tES second

o €5 RS Y S By D Bk
so'?% 9#: dﬂg g?u%fﬁfgy%ﬁreaﬁﬂ%' 1%89 é“&?'d %S%Bleﬁ one,

Irection ereve

and@hQ rREERERL 108 4iddL iRt béhv@résa%éf ® erneacpgédawater is
prescribed | evel. This manner of operation is

suppEfea] bl ené irtSRrisd biflosRs aidm arfiloba 1eeIPN & the feed
W t hout 25 frequently reversing the feed water flow

watthrr eappdy. pdip 1t hotle feed water is treated in the reverse
osmosis membrane module 10A and separated into concentrate
water that is discharged via the first branched pipe 151 for
discharging the concentrate water and permeate water that is
discharged via the permeate water discharge pipe 14. Suspended
substances such as turbid materials in the feed water accumulate
in the feed water spacer wound around the element with a progress
of operating hours, although the extent of accumulation depends
on turbidity of the feed water.

Accumulation of turbid materials in the feed water spacer

increases the differential pressure for water permeation. The

feed water flow direction is reversed in such a case.

Specifically, the first valve a and the valve c are closed, the
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of reversing the flow direction after an el apse of a
prescribed period of tinme can be conbined with the
nmet hod of reversing the 13 flow directi on when a
prescri bed water perneation differential pressure has
been reached. Since the reverse osnobsis nmenbrane
apparatus 10 of this enbodi nent can suppress

accurmul ation of turbid materials by 5 reversing the

valvO@W digd %t&l}l Yo fa%g%o"v%higﬁ’sta ?1 g%g&bﬁ?@' in the module

pretreat means vin als’In

to fa??ﬁe@@f?ﬁedw ﬁﬁd%%b@hhﬁ%él@@@ nggpﬁatd onT is valve

tration or rrbr ane separ ation can be omt

ope RSt BhR s thLSFRBHI Satbfd fdiR®r firb tﬁété’éﬁ@éﬁt’f‘ate
area is mnimzed, and cost can be reduced. 10 T

waéi aqtsc@lfar@aesiaaefﬁeh@%msefsémahbame :ﬁélwawmousle 10a
thus innovative. Next, a second enbodi ment of the

and[ey blel sgpakthbed into ddre-arapaatat matarerthaangs nikitiea Bjed
the present invention will be explained with reference
via ahe geoentd branchedseipedl2b €obodisendrging hsoncentrate
operating nethod for the reverse osnosis nenbrane
waterlind permaatid mptepetdaitonsi disghargddoviastherpgrmeate
times alternately fromeither of the flow directions
wamrﬂl%ﬁhﬂ%gum Yeed Tabdd magwrdiadéc @icewmud atied in
o erating nethod of the first enbodi ment. The fl ushjng

SRt N gaarrieaeﬁﬁiﬁ -8R @?%Wﬁa‘%@%rﬁ?ﬁcﬁ?rﬁ‘a ?\%t%ﬁ‘?f]a]'%
SIS LI AR B ol e
i LSRR AP 98, By REN e

the hfae(%li ﬁélo%oé%rfor e l{rﬂlef%g%l ﬁ%ﬁ operéz;é I%aﬁ@éjr %aeéer
mééhe:tﬂmfnt %hef EPBMENEByith rf%rtm%fxebkfsgrbesaéf dﬁé&edtsﬁlg

direction flushing”) and a nethod of ushing fromt

ho B E tHe gelldoRatert fitowid Beddtorbrofisf agdinatreversed. ThJ.s
procedure is repeated thereafter. The timing for reversing the
feed water flow direction may be either regular or irreqular,
usually at intervals of 1-24 hours, and preferably of 1-12 hours.
If the interval is less than one hour, the valves must be switched
frequently, whereby the life of the valves is shortened. If
the interval is more than 24 hours, it is difficult to remove
accumulated turbid materials. The feed water flow direction
may be reversed when the water permeating differential pressure
reaches a prescribed level. This manner of operation is
preferable since turbid materials can be removed without

frequently reversing the feed water flowdirection. The method

of reversing the flow direction after an elapse of a prescribed

period of time can be combined with the method of reversing the
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14 imedi ately before the flushing operation may be
enpl oyed. O the two nethods, the reverse direction
flushing is nore preferable to efficiently dislodge
turbid materials accunulated in intersection areas of
the feed water spacer in 5 a first flushing operation.
Al t hough a part of turbid nmaterials can be elimnated
by a first flushing in the sane direction as the feed

£1R kS ekk QW PHER2h Pedc PRROR Syt helRBLRdoARA A dAhtial

turbi materi a cunmul at e retention areas o

présﬁﬁxf@%s Wb Shaafdg are excessively pressed, giving
rise to solid 10 accunul ation of turbid nmaterials over

ti megidbe fhe HevedseCososil méifbrahe Qppadiftud 99edfailis
the second valve b and the valve d are opened to

embod inerite ddre e Hdatidlt fdiisd nahrbitkmatdeedls by
water in an anount three times the feed water feed rate
reverdivey pehereéliow rd ireageiss icf jfdddedvdtert ha reereastional
osnosi s 15 nenbrane nodul e fromthe concentrate water
preafirediarae sedasafor mimchargtdrbidmather seborias feed water
wat er supply pipe 13 and the second branched pipe 121
sudhorasii g f thigpre oh crad imant atsitogy, dnil et fare pmanesbrane
feeding side. After conpleting the reverse direction
sefauahiqycan ke ashthgdope’i*lmliefrqpnm the syistean igswplified,
opposite to the reverse direction flushing operation is
the dmgtad lafikon g5&d AscRIPYM1ERE  sSRRONECT I R FgHced.
ose and the first valve a and the valv

I d d
The, SfLECin@ted NoTEEN S PEca T AELE METDT #RE AR T B40S 1 dhus

. ion thevefeverse direction flushing is jetted to the
1RO ATSE ‘osnosi s menbrane nodule fromthe feed 25 water

sup i d i S t fi '
151%%"??150%‘2%% rate cgv\ig{t?eeé{ gﬂl?sc. ar gdégezj%a(#e]jfr qé}f@é:hdz}i Mor
the lSe3iE i AP RleRbrane Rolill®edbEEhl O &SMOF Sﬁnﬁé’cﬂii@n will

direction of this 15 flushing is carried out. The sane

be R WaitieRed iRy aldlFigure 1. In the second
embodiment of the operating method for the reverse osmosis
membrane module, a flushing operation is carried out several
times alternately from either of the flow directions when
altering the feed water flow direction in the operating method
of the first embodiment. The flushing operation can ensure
elimination of turbid materials accumulated in the intersection
areas of the feed water spacer. As the method for flushing
alternately from both directions of the reverse osmosis
membrane module, a method of carrying out first flushing from
thedirection reverse to thedirection of feed water immediately
before the flushing operation (hereinafter from time to time

referred to as “reverse direction flushing”) and a method of

flushing from the same direction as the direction of feed water

14
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tinmes alternately fromthe both sides. If the first
flushing is carried out in the sane direction of the
feed water flow i nmediately before the flushing
operation, 5 the second procedure in the
above-descri bed reverse direction flushing is first
carried out. Turbid materials accunulated in

i ntersections areas of the feed water spacer can be

3| 08P LR P G R B FLPTRTSALDRA. o
th 088 M has " THE NS St [FEa ol (e AINS [E WS

préf &S & tS &£ fendtk &P@IM},% theryfd MRatGePlath f OF
pressure control on the concentrate water discharge

acsimieldted (9 iarkedicdAbnSApuasi &f hinkirRel wIB@r"@%Q@Qr in
for pressure release is by no nmeans limted to the

a firekhad wh iy sperhedonental thoiyis 8 paral 61 talrva didtéPfals
pressure rel ease may be provided. In this instance, a

cart baceltimahatedt By aifielsar geuphprgWh itk kamgedirection as
di aneter than that of the pipe in which the pressure

the deedovatenl fileow dmmedtialtedy¢ baforeftdrealbl yshing dperation,
i ncrease the anmobunt of discharged water. In addition,

turhid mapesdafscacounnbated i20the retendliarbareasactt shewiged
both in the first branched pipe 151 for discharging

wateIh RERTel AIRtVAICERILINY JuARPDr dhichid giiRre tpsqlid
di scharging concentrate water to performthe fl ushing

acHpHAL M @f Ay rhddematerdalSap¥gratiifgy opee A1GHt vilve
2 aRHSHE VBTG Gelies S Das S A ERe AP Tand e erahigae e Yahve
d ag e LB P F56s Rhs' Efuetr st B FLEER 881 ¢ e
red] (VS STER, SE0:ETenLRSCIga] hboridh Lo 0Nl race
in RS 5l I ANG s S U afcdet 1)) aaRed Rerd idilis

the pressure on the feed wdter

membrane module from the concentrate water discharge side and
discharged from the second feed water supply pipe 13 and the
second branched pipe 121 for discharging concentrate water on
the feed water feeding side. After completing the reverse

direction flushing, a flushing operation in the direction

opposite to the reverse direction flushing operation is carried
out. Specifically, the second valveb and thevalved areclosed
and the first valve a and the valve c are opened. Then, feed
water in the same feed rate in the reverse direction flushing
is jetted to the reverse osmosis membrane module from the feed

water supply side and discharged from the first branched pipe

151 on the concentrate water discharge side. Next, a flushing

operation in the direction reverse to the direction of this
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supply side before the flushing operation, whereby the
menbrane 5 is caused slightly to rise and fl oat.
Rel easi ng the pressure on the feed water supply side is
preferabl e because releasing the pressure causes
turbid materials accunul ated on the nenbrane surface
and in the feed water spacer to be suspended. One
nmet hod for releasing the pressure on the feed water
.10, .S 0 [ [ 14
fl&‘%ﬁfﬁg 11‘. cﬁldle?éll ?&g% fgf' sgﬁe}r V&:H J.Q I%%f%&% %\éeral

tuﬁéécﬁﬁggn%ﬁ% %rélﬁ]et elgcg egupply pi pe 11,

I nsta not s e bl owdown pi pe, and

Openlk%é’ﬂi‘&t f‘i!?ﬂiﬂl“r‘fc? @U&Q@feﬁ &t ARetné %%mh Yfeltion

installed in the second concentrate water discharge

of lahenfé@ﬂwa’éepl ﬂ%#ﬁmeaiaagw Ib%f@ﬁ%r €hé F ulsh 1\ &;tkefél@mn ]

first valve a, valve ¢, and valve e are open. hough

thé i proeedpee Lhcthd iabovai-ldene rtibekdheespesd @irection
opening the valve, fully opening the valve

flugisimgt B emirdty cairniiddhiontaneTaeboddnatepigl eraddwmulated
I nst ant aneous pressure rel ease i s nore advant ageous for

in datsrsgc20onkea nend pdnche dekdoed teindphoerobamibei dips1odged
turbid material renmoving effect due to a striking

anddiisghagedooetside the elemenhnidhouthéad|e cergyingeout
permeate water side is preferably opened. If the valve

the flpshigxe@panidion aljeraatedyean thepbetl @ bregk boph in
the nmenbrane and there is no pressure exerted on the

this NaRReTancWheRGIF T oS FRABradd ush1ng: cpgLekgone the

ressure on the f

fl h
presi orlg-i seteaSei pynabanihy FRE Wiy shox ﬁeg%%e%sure
th
corbﬁre?ﬁr AR A R BT B B e o
h
entiGFMIAY Shovaten ﬁ?‘fe’!véé?séngﬁﬁo“‘?%@“n‘g%?gﬁﬁegg P gase
is *gs\)gfho ‘meany CEAM e PRY Ao HIY Bf |USHH ey LSRHE. A

nif the valve

separate valve for the pressure release may be provided. 1In
this instance, a concentrate water discharge pipe with a larger
diameter than that of the pipe in which the pressure control
valve is installed is preferably used to increase the amount
of discharged water. In addition, it is possible to install
an air chamber (not shown) both in the first branched pipe 151
for discharging concentrate water and the second branched pipe
121 for discharging concentrate water to perform the flushing
operation using water accumulated during operation. The air
chamber herein indicates an apparatus for discharging water
accumulated in the chamber due to the air pressurized by the
concentrate water.

In the case where the flushing operation is carried out
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e installed on the perneate water discharge pipe 14 is
open. However, the feed water perneates through a
reverse osnosis menbrane nodule for | ow pressure or
super-|low pressure operation if this valve is open
giving rise to a decrease in 10 a flushing water flow
rate and perneation of water with a low quality.
Closing of the valve e installed on the perneate water

i g HAFS G BT A e e AR 2 bR JS%% ﬁéﬁ%ﬁﬁﬁg ed,
i+ S5 Bg B R R SHE Dol R Ll U nblcane
sufEL&E tisof:efl. EF@ EH% %ﬁ%? IJ'BB' t %’brtﬁ% sfdr\éeofll Hgg' 'Fa%d water

operations alter ely Trom’eac rection

sulgﬁ'f:f; Qi Me FGFE It ﬁl‘ﬁs h%‘g o,fple?’ﬁliii%gl i \ﬁl%}%(% g:'?%f ?embrane

4
recti on cannot achi eve tirsfactory ect,

is CHIE& s1tiynt1y w8t eikal and FREAUMURAIRaQYRG thBBprd&Sure
amount of wasté 20 water increases and the recovery

on Mied féee Rases shppie diashisgredeenadlleOPetsusarFébéasing
out six or nore tines. Although the tine per one

thé | pisds ngrepedns éontusb idimsperidls addyunebitédt e, the
30-120 seconds is preferable. If less than 30 seconds,
menlhreane fshadtacef andsin nghe feedswéfterisgager ftonbeestdaended.
120 seconds, 25 the bl owdown quantify increases,
One gmiihddhgoirnral eaghng i tdenpregeurease tihe tfieed wabterrsupply
_rate. Pressurized air may be injected into feed water
sidridisnte e Vides Bi pwirwm pipe. (Tok sdomagt opfthg first feed
washi ng i ncreases by injecting pressurized air into
wakele FURRYS P1DS thifo@dh thRedAREDALIET St PFctRarford water
I s, not specifical restricted, the amount of air i
SugRMY RyPERG v oPaRALLA PATLF (styehou bR e plovipen pipe,
S f F %g er I.s treat in._after .a
anq Fo R N Py TPl Bl A8 %0 PR 17 Tt
in 5 n ncentrate water discharge branche
indtd PSP sElBnld 8Y disch branched
pipe 121 during the operation in which the first valve a, valve
c, and valve e are open. Although there are no specific
limitations to the speed of opening the valve, fully opening
the valve instantaneously or within one second is preferable.
Instantaneous pressure release is more advantageous for causing
the membrane to float and for obtaining turbid material removing
effect due to a striking action of water. In this instance,
the valve e on the permeate water side is preferably opened.
If the valve e is closed, there is no differential pressure
through the membrane and there is no pressure exerted on the

membrane. Therefore, the membrane is not caused to rise or

float even if the pressure on the feed water supply side is

released.
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direction of feed water should be reverse to the feed
water flow direction imedi ately before the first
flushing operation. Specifically, the first valve a
and the valve c are closed, the 10 valve d is opened so
as to adjust the pressure in the nodule to a
prescribed one, the second valve b and the valve e are
opened, and the feed water is treated by the reverse

ot ol 4G £ PRLNE fy Inssdel Ghiale PeeneRER vater
aigHSeRRp® 488 P ikt B bR lns bt 555 TR L oFing
opfeify e el T e SR iRty e, gt
perifate, rfondh 4 FeVBAE oty 1 ang Hofle? £0F nion

prédSat erd@d At H AT £ IRERIAS a{ﬂ:‘{ﬁ% WBWHS i £l lﬂﬁgyv%]éve

effect of renoving accunul at ed” t'ur terials

e ﬁ%@pﬁaﬂ-omﬁéﬂ?é}a{é&% Evﬁﬁ:e%V\’HtiQEhﬁggbhﬁi?Egg@g if.Qrbpen.

fromfeed water treatnent to flushing, "a ne

How@w&¥ Sitie tded fhavedi peahé el tefodh & alsPede smosis
prescri bed period of tinme, a nmethod of reversing the

merih e aliniedil ©nforh elow fresnirdask siipewt Biw QRreEniten
pressure difference is reached, or a conbi nation of

opetwsometihddsscaalve usioperd.giNetg mEsehitodaedbodeasatin
of the operating nethod for the 19 f separation

a Imahringe water élow ratepard @rrngatsian of waterpwith a low
explained with reference to Figure 1. This is a nethod

quakitpe CdOSAGILE &bg 62 1 60 enbdrahkedaut ke PrITigALS water

. spiral nmenbrape elenent is jnstalled. fl ushing
dig5RALES BAPESPBLIRGR| RHOEHETOFSct ot ERESIBRoralaAcs
a5 A Ey Y Repp UG 3B lbFebhed e S Bk oo
créHtJé“%%ﬁ%ﬁf%téf?“%#ﬁ@&eE%ebSEBEEnhth the valves, thereby
increasing the effect of flushing operation.

Two to five flushing operations alternately from each
direction is preferably carried out. One flushing in only one
direction cannot achieve satisfactory flushing effect, causing
turbid materials to accumulate over time. The amount of waste
water increases and the recovery rate decreases if the flushing
operation is carried out six or more times. Although the time
per one flushing operation is not specifically restricted,
30-120 seconds is preferable. If less than 30 seconds, the
effect of washing is insufficient; if more than 120 seconds,
the blowdown quantily increases, resulting in a significant

decrease in the recovery rate. Pressurized air may be injected

into feed water during the flushing operation. The effect of

18
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flushing operation. The feed water flow direction after
flushing is either the sanme as or reverse to the
direction of 10 feed water flow i nmediately before the
flushing in this third enbodinment. otherwise the third
enbodi nent is the sane as the second enbodi nent.
Therefore, the preferable formof feed water during
treatment, manner of operating valves during flushing,

waé‘iﬁiﬁ@q.nﬁfr as*é%rﬁdenH P:‘\i.éhﬁ%f%ﬁﬂdfe& I%?Lrs %Icéednw&f?er.

ECOH enbo mat er | a S are

Aléthmgnﬂt%t hioGRFYEEHY pbou: P9 EhE {1 UshhBRY é;&é&ﬂfi@any

reverse direction in the third enbodi men

res@Ecedd padhedamdunt! BE 88£ Gtk AP A dRBl ugRNrRCio of feed
achi eved by operation of the third enbodi nent. 20

wathextto aafour i h-Erdboik nréfefaihe, operating method for
t he separation nenbrane nodul e of the present invention

W | | Febé wxpdai ied nddted abaianaétee &i fluehPngldperation
Figure 2, the sane synbols are given to the sane

forr anmporestisilaesd iperficguiod Limegr Inhthist hesdasce ) pthenflow
is omtted, focusing the description on 25 the

dizssHpiore afsterd Wagedi sheukdbef vaveres torhbe ditsstivatar flow
shown in Figure 2 differs fromthat shown in Figure 1

diectinn impediately drefors e of Westh s oy epeos jan.
installed in the 20 i _downstream side of the reverse

Sp%]rn?% %‘ghﬁnglﬁﬁﬁm@"l@ a%é:helqu’éillyer“e\?éles'é16§%5|%he
10A
Va]g‘%ﬁ@?%é%ﬁ&h?@ ialéuﬁfy‘ gh%rﬁﬁéf?%ﬁﬁ%ﬁﬁ%%%em@le
e i
to ERLAb ] Biel tHdteloRRl01TE BALTAIE WL E e LE8B e,
and"R 2683 EEH: RS o DByt AR ElpLPEE Soorllesd Shinhrane

ever se osnosi s ms rane no equl pped Wt
mod%qrérq@he Wak, & p Xl SEhAr 8 £PE P8 kﬁa@idtaleartﬁb%n Pi PR Bing

for returning concentrate water to a point before

-> feed water treatment -> flushing is repeated. The feed water
treatment time is usually 1 1-24 hours, and preferably 1-12
hours. If the feed water treatment time is less than one hour,
not only the valves must be switched frequently so that the life
of the valves is shortened, but also the recovery ratio is
decreased. If the feed water treatment continues for more than
24 hours, the effect of removing accumulated turbid materials
may be decreased. As the method for switching the operation
from feed water treatment to flushing, a method of reversing
the flow direction after an elapse of a prescribed period of
time, a method of reversing the flow direction when a prescribed
water permeation pressure difference is reached, or a

combination of these methods can be utilized.

Next, a third embodiment of the operating method for the

19




the feed water punp. The rear reverse osnosis nenbrane
nmodul e 10 10B is further equi pped with a concentrate
wat er di scharge pipe 17. The front reverse osnosis
menbr ane nodul e 10A uses the reverse osnosis nenbrane
apparatus of the present invention, whereas a
conventional reverse osnosis nenbrane apparatus is
used as the rear reverse osnosis nmenbrane nodul e 10B.
f [ reye n
se épr%?g fl ﬂlt%@gfé(n? rﬂ%&?’\g e(?f ’Eﬁ@u%r?@ %@t%@%ﬁ@ $n ttn.ll be

S 0A f d
erEFIENSE GRSt EctRaNEIto FRAUE 0NN S Rk oo

OpEEYEI NG DSIOS4 Sa PESR MG PR fodiPre am wﬁfcpﬁr@t

0
- primary concentrate water that is discharged via f@%
mefiSrees s BéifeN@t B8 ThSEABI &S, PIRRF 1L NG Rigeition is
perneate water that is discharged via the primary
P 5 inghudedtin veliercoul se haf gendi Depdrdat e msnbPaye MRS AEDS €
water is treated in the rear reverse osnosis nmenbrane
opemahien 10Bhenflisspaf hisddingtis secohddrontpemrehted et ion
that is discharged via the perneate 25 water discharge
reyerse 1% 4he direatiiny e¢hHnent watterwammedtibhtielysbefore the
returned to the point before the feed water feed punp
flughing mperation pi Jhel Feethwatesoddamy disecsionaed ter
wat er, obtained 21 by concentrating the perneate water
£1yssknd 4 gicbedy thechamgeds | A aevetise thethpohireetépneot

OSHDSIS %Enbrane mpdul e 10A wusing the rear reverse
RBr é‘ﬁ%e%ﬁEFéYl%f"]F%§1‘£ I é\%élhmaoﬁau%]i‘ﬁ/lftl}/lr d

emwﬁ”ﬂf'dfd U hernis: thauhi L 2bogifeofc adthe sangygs the
seécnled \égﬁl%c{]dln?e%qyer&'he%telf%tr tglfe-’. p%%r %%‘;jLe fg th' i gﬁed

mann e oper ati ng ne esent nven

0 r
water SR 4 Grbdiliede Bl UL, ﬁ‘%% AT
flu]sQﬁ.ngS' ReR HOE oFE¥ L8R 1 A§TORAE tTRIMIIARE a3ePRhAl ¥8mdlas in
10a enploys the reverse 0snosi s nenbrane nodul e

15 thellddddid@ndtRliment. Since turbid materials are

10

sufficiently removed by flowing the flushing fluid in the
reverse direction in the third embodiment, the same effect as
in the second embodiment can be achieved by operation of the
third embodiment.

20 Next, a fourth embodiment of the operating method for
the separation membrane module of the present invention will
be explained with reference to Figure 2. In Figure 2, the same
symbols are given to the same components as in Figure 1, for
which the description is omitted, focusing the description on

26 the components having different features. The embodiment

shown in Figure 2 differs from that shown in Figure 1 in that

a rear reverse osmosis membrane module 10B is installed in the
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reverse osnosi s nmenbrane nodul e to which the operating
nmet hod of the present invention can be applied in the
front end instead of a conventional pretreatnent
apparatus of which the target 1is only renoving turbid
materials, the apparatus 10a 15 substantially utilizes
reverse osnosis nenbranes in two steps. The reverse
osnosi s nmenbrane apparatus | Oa produces per neat e
I Ly n it S CO
do‘”@%@fe%’lf‘s SRR PPkl Gohe PR eﬂ%& BeaoBE g ol e

Q’ﬁi@&?é ménﬁﬁtadesglgeglgq %dlyyhkgd o the rear

pr etreat ment uni havin esa I on tunc

reMe anlds' 1%%9%%%&1% ih8 k%?ﬁ{%iﬂ@rf@%%@aft@water

separati on nmenbrane nodul e

dlé'.él\'ﬂ"’éé Pipd 14 i sﬁﬁﬁh?hﬁ&%é’ﬁﬂéﬁﬂeﬁﬁﬁtéﬂcﬁéﬂ thieObeferse

Figure 3 is a flowdiagiam of a nulti-stage

osmﬁé ahéntr AFET IRNA AN @oUSheOk el MPHAUeO8E £Sed NPater
operating nethod of this enbodiment. The nulti-stage

to $eperahted tiveds Anahappasatisyéess@ denpsiiseiefbpahatmedul e
menbrane apparatus, wherein interstage concentrate
10Bwaitse lequidippededrith 32permdatté wepar alisoharepdpe 16 and a
nodul es 30a, 30b of a front separation nenbrane
retappapapesl 8 fourpr 29arn ing upplieadi rat eawatszr tosepaiatilwefore
menbr ane nodul e 48 of a rear separation nenbrane
thediegdavaterpump 29 heSpear ffexgrse osnes g aenbpane module
menbrane 5 apparatus 31a having the separation nmenbrane
10BdguferBher S9pippPestphthE 6ANGERbFaRe Wakak Qtl§§h9I ge pipe

17] ﬁvb%?;fn@tse&%%%tﬁﬁopﬁyosgééir@ipggﬂuw@' 16213 a%%%ﬂ? e
roup 29a f.or th fr%pt sta E ﬁepargt € 2 e

rediyil dabd ¥ neibuahd apppdifug pRHRENGESE TRENISN,

undiEad LU RGN UGN ANEAROSLALUR BLAUP AR L 0 15

omatvvo staese ar at rane ara

usdd Y &nk A4 Sféil?éraéé UhnBYHY PR Qﬁd&ﬁaf&aldﬁ‘.s
Specifically, in the reverse osmosis membrane apparatus 10a,
feed water is supplied to the front reverse osmosis membrane
module 10A by a feed water supply pump 11. The feed water is
treated in the front reverse osmosis membrane module 10A and
separated into primary concentrate water that is discharged via
the concentrate water discharge pipe 15 and primary permeate
water that is discharged via the primary permeate water
discharge pipe 14. The primary permeate water is treated in
the rear reverse osmosis membrane module 10B and separated into
secondary permeate water that is discharged via the permeate
water discharge pipe 16 and secondary concentrate water that

is returned to the point before the feed water feed pump via

the return pipe 18. The secondary concentrate water, obtained
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a first feed water supply pipe 32a connected with a
valve al, a second feed water supply pipe 33a
connecting the valve al with 15 the separati on nenbrane
nodul e 30a, the separation nenbrane nodule 30a, a
per neat e wat er di scharge pipe 34a having a valve el
joined to the perneate water side of the separation
menbrane nodule 30a, a flow direction conversion pipe
3 ' C t] t fi f.ee

by é?nEQMfPQan%a£MS Q}mggﬂe ﬁgggg %gggeﬂ$§a§£§%%ggrgeen

degs;ﬁnawa haenOfeddife SERAY J%gcggm%%&%{ ﬁ\aﬁ%gﬁgu}nsdgﬁ?a' 10A

Irst concentrate water harge

usﬂi‘? ﬁﬂénweawfé&é@gb %%\s%&%l ) mlﬁ@' 1@50\459@% lower

val ve c1, and a second concentrate mafe

coﬂdﬁ@hﬂfrﬂ@y Pt R&n 3f8ed bhabehed ¥dro rﬁﬁlfse xsae;sqm frafd MRl BFe
supply pipe 33a and having 25 a valve dl for

secbRgARY PorFariICAY vatervedgbenbesythed| aver sby @tlel Rater
of feed water is reversed. The separati on nenbrane

reapparpinsao dah, b8lindeasddie sanehLonfdrgigmthenopsrabéng
23 separation nenbrane apparatus 3la. The separation

me nend cehthe gpperaritudnyeatpod9is iapplried tledhe firoatf pederse
water supply main pipe 38 joined to a first feed water

osmpsthanembpape BOduhe w@khin atli¢ rseverse cosmépis membrane
di scharging feed water is installed, feed 5 water

apPRUAFYS bk GhchSd nsiepédesgavenss pFEAEhe deRbrARfAcappaYatus
wat er. supply main pipe 38 and joined to first feed

10%&”?1%51*5% TOPBESCIOnY nf;tsrlbw y@sarl&} ReALizing the
3 31

re‘g%b?é R H}&fﬂﬁf?spﬁgagi 356 ¥§*%ﬁ6eTrP§elae&°d

of S AeL SR AHVAAE on’ Sdn BRSERL 184 3 Ehe e WP ha s tead

of PSRl QTS LaTNRN® B AR LB Bh Pn A RGP B

a secon wat er ISC arge va

is (61?1?)[ ﬂﬁ&@lﬁ&e@uﬂ@i@rmaﬁéﬁﬁh?éﬂecﬁ’é"é;?afﬁﬁés ¢4 al | ed

a separation nenbrane apparatus c. The
suﬂE&éﬂtﬁéFﬂﬁ utQNarzek fdvEPId LB s3RPAEAbHSnes in two steps.
The reverse osmosis membrane apparatus 10a produces permeate
water of remarkably excellent quality as compared with permeate
water from a conventional reverse osmosis membrane apparatus
that is not equipped with a pretreatment unit having a
desalination function.

Next, a fifth embodiment of the operating method for the
separation membrane module of the present invention will be
explained with reference to Figure 3. Figure 3 is a flowdiagram
of amulti-stage separation membrane apparatus for carrying out

the operating method of this embodiment. The multi-stage

separation membrane apparatus is a two-step separation membrane

apparatus, wherein interstage concentrate water obtained in
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15 28 is further provided with a punp 50 in front of
the front stage separation nenbrane apparatus groups
29a, 29b and a concentrate water collecting pipe 51
branched fromthe first concentrate water supply main
pi pe (feed water supply main pipe) 41 of the
separati on nenbrane apparatus group 29b and joined to
first 20 concentrate water discharge pipes 36a, 36b

ea R PR SRR FELTE AR ReaShEToTERE BRes daradf®
seRpeat 198 Eioiond Smelre e sgub ale AL RBEARA S8°F crear

seﬂ%@é@i&n@%&ﬁ@ri’%@%ﬁéﬁ@l@%é nrbdf he padyl %P&@iwgnembrane

val ves al, a2, el, e2, g, a k are opened. Feed water

appEr&UpP| deshp 29He  TpRATIAIQN 1B MR 3 AFRRUIRS medi
P Ob by t%e f%ed wat er sdbaiy p@ﬁp 58¥§%he f eed matgPQ%s

appdeeted 334 haviinghehs &f 4 Ofo NENENBY e RidhA® 308, and a
30b and separated into irst concentrate water that is

s epsh 5etixs g aneb Paid eappd 5d t u S e MM avi g Well €'s sh SEded §ie
pi pes 36a, 36b and perneate water that is discharged
memb1za rid amgudir e a3 @b vaart e ra i svoded gien ppapes] Bela, td fim e
first concentrate water (hereinafter referred to as
separateion aymbomTee Appeara twst groppd28ehfogethé rbrnonbhestage.
separation nenbrane nodul es 30a, 30b is collected in
The sepagadden mewbranerappraia s grgeup pBbsis axdanged ip the
rear separation nenbrane npdule 48. The second
real fieh Pfat Be bt SeRAIAHAY 8¢MALANg pPPaFatys group 29a
concentrate ter di scharge pi'&ﬁf 45 ana(jﬁl{%%r neat e wat er

to 1oy & AR IR £ P HATERR STRRTAI $i pe 43.
R R CAR e R AT AT AR
o EHO e ELEE R B0 o0 S g Borhiv a1,
a skHbRiddag Qhtkhes iS5y WAL 33a connecting the valve al with
the separation membrane module 30a, the separation membrane
module 30a, a permeate water discharge pipe 34a having a valve
el joined to the permeate water side of the separation membrane
module 30a, a flow direction conversion pipe 35a having a valve
bl and connecting the first feed water supply pipe 32a with the
concentrate water discharge side of the separation membrane
module 30a, a first concentrate water discharge pipe 36a joined
to the flow direction conversion pipe 35a and provided with a
valve cl, and a second concentrate water discharge pipe 37a
branched from the second feed water supply pipe 33a and having

a valve dl for discharging concentrate water when the flow

direction of feed water is reversed. The separation membrane

apparatuses 31b, 31lc have the same configuration as the




10

156

20

26

Accumul ation of turbid materials in the feed water
spacer increases the differential pressure for water
perneation. The water flow direction is reversed in
such a case. Specifically, the valves al, a2, cl, c2,
g, and i are closed, openings of the 20 valves dl, d2,
and | are adjusted to prescribe the pressure in the
nodul e, and the valves bl, b2, and h are opened. In

se%QfétiHﬁnﬂsﬁbréﬂé 5@? %@§§r3fgte %ﬁ?iﬁgilo membrane

oncentrate water ge Slde o separa

FREGSEy |8 3Qaprd0PqaAdeits 4 rﬁgde@att@%r §u§BQy main

gﬁparated into first concentrate wat er t hat

pipe I godaddvia 4 Fersecreed Whﬁﬁbﬁa%b% ssyﬂahgﬁnlcn
pi pes 37a, 37b and perneate water that i schar ged

a first haler fedbe diedRarging i waiteas 1§4ans84m1eahefeed
first concentrate water 25 discharged from each

wasepasappby brabeked pihpkes ed0s, codb detasthed from the feed
concentrate water collecting pipe 51, sent to the
watencamplat maintpipeali3Schand gie igiadk tof £ ihet rfesd wveparasuppl y
menbr ane nodul e 48, and processed there. The second 5
pPipehdaatrridtefanttdre sgpdrgbhang@mma@et adpparabwsies 31a, 31b,
concentrate water discharge pipe 46 and perneate water
re%efaws%%y gedh Fearhseparatdon REMbr agies GPRAYA tiispgroup
Turbjd materials accunulated in intersection areas

2 9%flétwéowe%%d WAtha §E§Ee?t%h%ﬁ1 A
10

ma i, BAES dired g&%ﬁﬁ%@ﬁ t&uﬁm%%?ﬂr 3610, §p o SEcond

tedB AL bl fed¥ad SEbdY fled AM (b WIHEA e {50 47 in

whi;c[q'g ngr%c&fcp Qfegﬁ%raifgr Qpigﬁﬂ'éﬁ' \}Hd’ﬂfﬁc‘_lg rEQ% § Oﬁa \f@.tearwater

rection 1s agaln rev proce

didanSAjed{NAE pad t A - 1JJ\:9aIIéH %dl\ﬁa fip dBMeI i riﬂerﬁﬁk%ne
feed water flow direction may be elther regul ar or

appdr£0i8 3c . USYBeInuBtiidtffe sepadhtiodmbabrSneddbaratus
preferably of 1-12 hours. |If the intervals are |ess
28 tibafumtieer provided with a pump 50 in front of the front stage
separation membrane apparatus groups 29a, 29b and a concentrate
water collecting pipe 51 branched from the first concentrate
water supply main pipe (feed water supply main pipe) 41 of the
separation membrane apparatus group 2% and joined to first
concentrate water discharge pipes 36a, 36b and second
concentrate water discharge pipes 37a, 37b.

In the multi-stage separation membrane apparatus 28, the
valves bl, b2, dl1, d2, £, h, j, and m are closed, openings of
the valves cl, c2, and i1 are adjusted to prescribe the pressure
in the modules, and the valves al, a2, el, e2, g, and k are opened.

Feed water is supplied to the separation membrane modules 30a,

30b by the feed water supply pump 50. The feed water is treated

24
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hour, the valves nust be switched frequently, whereby
the life of the valves is shortened. If the intervals
are at nore than 20 24 hours, it is difficult to renove
accunul ated turbid materials. The feed water flow
direction may be reversed when the water perneating
differential pressure reaches a prescribed level. This
manner of operation is preferable since turbid

in P at iR REng ARG Yool [ SOHEN X pRYREE o
£1FOVeEShagnt herd | Ot &i r erit ofs aéi@éh%ﬁ%]%@g?g\?tﬂ)e first

prescribed period of time can be co t he
cof®éNOfa©d WAy HiRGhhyed bopedi 164 I Wb W pBrmeate water
prescri bed water 26 perneation differential pressure
théiasishaeschazgbeadviSiteepekficAUbl watéAWE s8R pdPes 34a,
menbr ane apparatus 28 of this enbodi mrent can suppress
34lccand dtiren cbntanbrdtenmd st qlteedayinaafitens redetrred’ tovas
direction of feed water, a 5 conventional pretreatnent
“ imeamrstdge coarenitng teuwdt e atdsichlas gednf £ ae ¢t hwas epa saichon
as coagul ation / sedinentation, filtration or nenbrane
merlapriemodnlesnd 6@, Gk iedollleateidin, thehgopgensmatieswater
sinplified, the installation area is mnimzed, and
coblrat M P1pe T LandctenTke arrastsepataiclonpenbsapemedsle
menbrane 10 apparatus is thus innovative. Next, a sixth

enBO& FEFOPGk eRsERLE WG teEt ASd disFhaggeds ¥dar & ifdrst
b I f th t ] [ ill b .
CORSEIIGE Tl WA TH rOFRTIREE (RIS AT AN HOFRSAFRWATET is
. ' . f ' t f . ti
s EIREEATE Vg, P90 140 RO OB R0 S50 i Oy
su aq{c,aés Ehgﬁsaﬂﬁ Bﬂé&r&llﬂéfi%lfseirgb:ﬁre Péec? Pgttek‘gy}écu ulate
ITections when altfering the teed water ow direction

in ;!:lﬂetﬂgedmﬁ{:é}:iétgad@ﬂ P8EnAfar R d £hd R1eHRY B a %@gress

ushi ng operation can ensure elimnation of turbi

of BBERAL3h§ hAfsdHh ah8tghtHd18xt BheSeatbARMudhedsntepdifds
feed water spacer.

on turbidity of the feed water.

48

Accumulation of turbid materials in the feed water spacer
increases the differential pressure for water permeation. The
water flow direction is reversed in such a case. Specifically,
the valves al, a2, cl, c2, g, and i are closed, openings of the
valves dl, d2, and j are adjusted to prescribe the pressure in
the module, and the valves bl, b2, and h are opened. In this
manner, the feed water enters from the concentrate water
discharge side of the separation membrane modules 30a, 30b and
is treated there and separated into first concentrate water that
is discharged via the second concentrate water discharge pipes

37a, 37b and permeate water that is discharged via the permeate

water discharge pipes 34a, 34b. The first concentrate water
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20 As the nethod for flushing alternately in the
opposite directions of the separation nenbrane nodul e,
a method of flushing fromthe direction reverse to the
direction of feed water imedi ately before the
flushing operation (hereinafter referred to as "reverse
direction flushing”) and a nethod of 25 flushing in
the same direction as the direction of feed water

LPRRER OB LR APl Sl WAl B8RSR Bopopected
1nfaU§Bhegnt§aear@a@zrp&sir&a@hﬁ tglﬁéfSE'eyéhv ébskﬂgge

turbid materials accunul at ed terséction areas of

cohbent £gtle WRaLEr S@REChatge RidbrSt theShbaP OBFAALL POn
Al t hough a part of turbid materials can be el imnated

mefyrané i msdule us| ngnd Npibeeses® theéest i ahasdede feed
water flow i medi ately before the flushing operation,

cohcebt fatatwital siscdischat¢dd | wid hehe e @dhdNcotic@st Pate
the feed water spacer are excessively pressed, giving

wateseadischange pipe idh aofd perinedtentvatieal $sodéschanged via
The valves al, a2, «cl, <c¢2, f, g, I, and mare cl osed

thenpermeate| wateb| dis¢iRarge  pilPe d®3 . h,Tunidd matermipdsed
toinitiate the flush operation in the reverse

acenmetatesd inThagersesd inat a¥reas ofhtheolesd Water spassr can
the feed water feed rate in the perneation process

be PaFLIY oﬁlrlsl%dﬁl%@ L oA (S b HIIMEL b e K YR ES 1o e £low

dlscharge to the separation rane nodul es 30a,
a1 rRELSH B Rav g8 Thonsinge TRSDERORY FusaLaRves Such as

t“%?’?‘@Hértgeépﬁsﬁgst}hs?g?advg%pg%é%%gl@ga&%ﬁ%ﬁftf»at it feteed
1
wa LIS p I (SR YBLET 143Chat R £ AULLNE F6PENAL I Pogress

r sent

SErdr r
ot V\S(gé)%{ﬂdi RS ge 'si %é%&%l Zwél%elf conc‘é%%ﬁé}% efé fagain
re&é&ééﬂn|'@hepbﬁ%c%aur@nQSdtéﬁgﬁﬁﬁadthéfeﬁftag Seﬁﬁ&“klmlng

feed water supply pipe 42 and second concentrate

for reversing the feed water flow direction may be either

regular or irregular, usually at intervals of 1-24 hours, and
preferably of 1-12 hours. If the intervals are less than one
hour, the valves must be switched frequently, whereby the life
of the valves is shortened. If the intervals are at more than
24 hours, it isdifficult to remove accumulated turbid materials.
The feed water flow direction may be reversed when the water
permeating differential pressure reaches a prescribed level.
This manner of operation is preferable since turbid materials
can be removed without frequently reversing the feed water flow

direction. The method of reversing the flow direction after

elapsing a prescribed period of time can be combined with the

method of reversing the flow direction when a prescribed water
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wat er di scharge pipe 46. After conpleting the reverse
flushing, a flushing operation in the direction
reverse to the reverse flushing operation is carried
out. The valves bl, b2, dl, d2, 25 f, h, j, and mare
cl osed and the valves al, a2, cl, «c¢2, g, and i are
opened. Then, feed water in the sane feed rate in the
reverse flushing operation is jetted to the separation

pePRORE P08 4Pr FRAULE3aB0GreSObrd TR tnﬁgexﬁ e dRES!

feeding side and discharged fromt Irst concentrate

vat e i dbaChRE G Pt LeSt AR s el o Bem®PaseNhppheatus 28
wat er di scharge si de. e féed water discharged from

of t 181§ epAbad i fen TEORH anep PPkl escSliul a0 on Soseflirbhdt o
the separation nenbrane nodule 4 8 fromthe feed water

mateethhy bgi deversihdetitontbny ral eci®t €O fesd i wgtPi pea
51, and discharged fromthe first concentrate water

comvehibomEl preE: rEatment means nfen tremtosy iwry enrdidahatgeials
side. Next, a flushing operation in the direction

in rfeest satey shehdas emag] adfiarhi/ssé@imenthtngni st thtraedon
out. The same procedure is repeated several tines

or glemhrene Sgphrathionecpotbe simjdted uShensgfoperathensystem

. preferably carried out separately for each separation

is gampddiddedodtiie isdad Lat ieacarea dgemipimizeds tamdt €ositpcan
t he_above fl ushing operation in the reverse 15

be fredgedn, Tee ‘%‘frf(gﬁ%t Sdp g L&Y SFEf CEMOSHSd MEBL a0
30b are ,first f]ushe Qy openi ng the valve mthat has

APRAFALIT oL d- IRy l’&’?%‘é%’b $he valves h and j that have

secoNaRF eati skt renb 8T e HE S £he GHELIEI NG K02 cne
seiEd 1dh Bl dodfte 1 (IR pOSRHENELACI ST WWLED De
exﬁl'ainé’c?wi@:rl‘ldrgféﬁgneg% @‘Qgﬁﬂ% yal vigs¢he §2xth eddiment

his nethod ensures a rapi'd flushing operation since
of ttiWeDbPerali Qi MbEhed St e eparhitd oncRempRhae RPACEE, a

of the front

flushing operation is carried out several times alternately in
either of the flow directions when altering the feed water flow
direction in the operating method of the fifth embodiment. The
flushing operation can ensure elimination of turbid materials
accumulated in the intersection areas of the feed water spacer.
As the method for flushing alternately in the opposite
directions of the separation membrane module, a method of
flushing from the direction reverse to the direction of feed
water immediately before the flushing operation (hereinafter
referred to as “reverse direction flushing”) and a method of

flushing in the same direction as the direction of feed water

immediately before the flushing operation can be employed. Of

the two methods, the reverse direction flushing is more
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separati on nmenbrane nodul es 30a, 30b do not enter the
rear 25 separation nenbrane nodul e 48 and, therefore,
the rear separation nenbrane nodule 48 is prevented
frombeing fouled by the turbid materials fromthe
feed water spacer of the front 29 separation nenbrane
nodul es. Wien the flushing operation is carried out in
the reverse direction, the front separation nenbrane
, r . .
e T o R S A < TP

ac«%!gg%iateé i§ nheed LR hPedsSEPHHEFIILWalBe SESLBE in

wat er di scharge pipe 47 and, after a certain

a fReEOE Wh indBperAeibAQT ABERAIGH hPh 8PS DM 8r #1815
is flushed by closing the valves c¢l, c¢2, and m and

ca®Niengdmihatred ¥esa dirsd?f1dshafg in tHe SBAime diBBBEHon as
the flushing operation is preferably carried out 10
the depadatvatgrftiowdaimesddpaecdlyi befoeetan€lusilihg gperdt Obn,
each stage. In the case of a nmulti-stage separation
turkend mateniads| accimvl aged hmetherr atmrnt isirageesastdie the feed
flushing operation is also preferably carried out
watepapacty due excessipalntpressehbraveingotise g oup
in each_sta%e. 15 1f the first flushing is carried out
acquymy hat keme Lot wideid sategiialiscover d ifgt-er Thegiglves al, a2,
i medi ately before the flushing operation t he second
1l prdeedur i I+t R@daBopgededeprdeandetbesealivegchl onb2, dl,

fl ushi s fi ied, . Turbi ials, )
42 pdiftifad e (DAL EDe L BAEESIHIR i EPESaR ifdk P the
re SRR ARG | ANF Ty PSR IATEF o ong RRoRbohfRgs ines
n@EU AL HDRLELE U L BBHAeShISFLR0SLD obdi e ion
manner. en carrying out suc a usni oper ati1on,

.t f i no:
e Bl 5 P SRS D TG e o e

sepe el McbilR ndigualead 88a2538bdgnlinai Sensrhedi FBsh the
shown in Figure 3. The nethod of pressure

second feed water supply pipes 33a, 33b and the second
concentrate water discharge pipes 37a, 37b on the feed water
feeding side. The feed water discharged from the separation
membrane modules 30a, 30b is sent to the rear separation
membrane module 48 from the concentrate water discharge side
via the concentrate water collecting pipe 51, and discharged
from the second feed water supply pipe 42 and second concentrate
water discharge pipe 46. After completing the reverse flushing,
a flushing operation in the direction reverse to the reverse
flushing operation is carried out. The valves bl, b2, dl1, d2,

f, h, j, and m are closed and the valves al, a2, cl, ¢2, g, and

i are opened. Then, feed water in the same feed rate in the

reverse flushing operation is jetted to the separation membrane
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release is by no neans limted to the nethod of this
enbodi nent. A separate valve for the pressure rel ease
may be provided. In 30 this instance, a concentrate

wat er di scharge pipe with a larger dianeter than the
pi pe in which the pressure control valve is installed
is preferably used to increase the anount of discharged
water. In addition, it is possible to install one 5 or

mod®PL&s 3ok , CHa RS LR &w@ffeghom%ﬁtfe@mng% e 8h ggisw%%%wed

the first concentrate water di schargé pipes

fréw t RO GE 1R AU rGARC (Al 8ivRhakgli pEPaEJISER] PESL on
37a, 37b, and 46 to performthe flushing Operation

thel St &Yit B4t @CFARN ol BEb Il d e 05 i PET athieO Feel rattidy
chanber herein indicates an apparatus for 10

distisphged fRomies epaeatilbAMRMbEraid Rodded e aduBOb A stdent
air pressurized by the concentrate water. In the case
to vhersepdwatios henbrapemddle 48 oo the Drdd whnerofeeding
nore tines alternately in either direction when the
sideadia idiercdnomih ater twarer scahlbewedhg tieperek,s urned
that has pressed 15 the nenbrane surface is rel eased by
digahiargsd § nome tpeefinst amcenla e watmredisgpprgespipe 45
before the flushing operation, whereby the nenbrane is
on e IPRFERfHED 82 (YR TRIc chss thamh atilde ReNexding fHashing
ressure, on the feed water supply side is, ref erabl e

op : I R i M eHL P SRS L R dhg HisfF e ?f this

o LA S ST A SO TRIAe U L2880 L
. ' R f eed t |

cilfl, AEL TR0 ol 8 B0 1 oo vt el

LU L R B

joined tot wat er n pipe 3

for HaRh %egg%@goaf méABriREInd@i BE Y MnPUABhSBtage. For
Anot her thod is to open the valves dl, d2, and m

ingtdridy, tie WReraddwan fliusiitig bgdadidstiny ale s atersa2,
cl, c2, el, e2, g, i, andk
direction, the front separation membrane modules 30a, 30b are
first flushed by opening the valve m that has been closed and
closing the valves h and j that have been opened. Then, feed
water is discharged from the second feed water discharge pipe
47 and, after a certain period of time, the rear separation
membrane module 48 is reversibly flushed by closing the valves
dl, d2, and m and opening the valves cl, c2, h, and j. This
method ensures a rapid flushing operation since turbid
materials dislodged from the feed water spacer of the front
separation membrane modules 30a, 30b do not enter the rear
separation membrane module 48 and, therefore, the rear

separation membrane module 48 is prevented from being fouled

by the turbid materials from the feed water spacer of the front
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31 are opened. Although there are no specific
l[imtations to the speed of opening the valve, fully
openi ng the val ve instantaneously or within one second
is preferable. The instantaneous pressure release is
nor e advant ageous for causing 5 the nenbrane to becone
| oosen and for obtaining a turbid material renoving
effect due to a striking action of water. In this

se]%l\é'a'.l_sé d% Tl pr eth@HdEKeofllEl%ﬁlR éfg ion is

era y Opene

Cale]_zleciir&ltl,( A &ché&! ASRbrsd NENEdSidp, did efrg}gﬂn?,ea%%ratlon

pressure between both sides 10 of the me

merb¥&ife ifod\Pl &4 e3Falf 308 &5sd Nl tdte MAENaN Sy R BlP ehe
the menbrane is not caused to become Ioosened even " if

valds RI16SAN,€a08 ihgnd eeTbbi@rediRRilYes 82, B2, chpased. .
In addition, the valves el, e2, and k |nstalled in the

Thepeffemritven et eis d:lfsﬂtaa:ggaecplmnaétale FHomhF ekl aftter
preferably 15 fully closed during the flushing

dissperaie pipeHechmnbt arf tesea deort afilnuplr nigd aptdmegntleasear
not perneate through a reverse osnosis nenbrane nodul e

sefarathiqrh membgaunecnoget atd b swf 1 hished fhwushiosdngr tBewalves
even if the valves el, e2, and k installed on the

cl pe2neand maNd ogiedRar ‘ghep\rq)bsessqid d2p"g aritPdi 3 -ar En this
opened. 20 However, the feed vvatereotf)eerrreat es through a

malﬁﬁ%ﬁf%’éﬁf AR o [ ih L ipressre ot

sepgimﬁtrf*glw% 85N §epplatiopoRenbrpfiermidils  Govh gy each
caghe AR UPE RN AP BRI ETLF Fadt bt et RehbYane podule

ha‘;l Lfglﬁg]%agfrants depoayse on tﬁgfgnﬂelﬁr'{% %&Ieeergjtr qﬂ;%elst oéllso

o R CERE38 U kS0 SN 8B gl o epoane
moduard t@rodgwclr,gaa%d}g gﬁhe;ee_ffect of flushing operation.

If the first flushing is carried out in the same direction
of the feed water flow immediately before the flushing operation,
the second procedure in the above-described reverse direction
flushing is first carried out. Turbid materials accumulated
in intersections areas of the feed water spacer can be dislodged
and discharged outside the element without fail by carrying out
the flushing operation alternately in the both directions in
this manner. When carrying out such a flushing operation, the
pressure is released by opening the valves cl, c2, dl, d2, i,
and j for pressure control on the concentrate water discharge
side in the embodiment shown in Figure 3. Themethod of pressure

release is by no means limited to the method of this embodiment.

A separate valve for the pressure release may be provided. 1In
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Two to five flushing operations alternately in opposite
directions are preferable carried out. One flushing in
only one direction cannot achieve a satisfactory
flushing effect, 5 causing turbid materials to
accunul ate over tine. The anpbunt of waste water

i ncreases and the recovery ratio decreases if the
flushing operation is carried out six or nore tines.

thﬂ t.l.l?l% gelhe td ratI uagtggéﬁ Sehgié_l onpgﬁenv?}.th a larger

speC| rlcte

didhELEF 2@‘]3%}1 t'hffy.ﬂgt #%{k%l 'f'falss%llj éﬁn'i:lil?ﬂ §$1¥ﬁ is

second nsu frcren

indtPIUA0id | fRetSrdDIF ddiad d Olm?é thd Nend,AACHN

vol'une increases, resulting in a si gnlflcant

dlééhé&?éd QDY At AQaiPisRs Ut 480 pRisi iR B8 iREE&1EGhne
i nt eed water during the f1ushi ng operation. The

or Wl adrléheimbées ewot fSHdWA! atnahegsebntbor poeditkNgn the
pressurized air into feed water. Al though the anmount

fimdt domcemnessitid wadedi disshapye phees fidsl B¥br,esbr i sh@dhe
t he armount of air making the volune ratio of feed
secwAickrcdarreniiratel wht2ern dischihegebpepebeddawadéb,iand 46 to
treated again after the flushing operation 20 for a
pepfiege theeflpehiog epexahion |using vatest ancenuiated|daring
direction of feed water should be reverse to the flow
operiatedn on Then@dgi %‘FW%&WQ Hadicagess F‘Bs@lPR@ratus for
operatjon. Specifical t he vaI ves al cl c2
dlﬁf"h"’b‘fglrng Eifioao] %‘H‘F‘bﬁ"@iﬁ dﬂbrﬁ € %‘fbet%éi%l%stttﬁ air

and are adJ ust ed togorescrl be the pressure 25 in

rrﬁﬁﬁ# tq%‘c{fa’} §wat EE’Z el e2 and k are
ﬁﬁﬁﬂfgst 1 SR A BRI 98 PRI B
twcffa Qﬁélsé W mes Liﬂgpg%%g _'If?h?’ g%ﬁgg:‘“@{ﬁécﬂ&&%%nnghe feed

I'ng 1S repea processing t

waﬂér ¥ 6@l Jl,’{réc@ffoﬁ%g Ehaﬁﬁ@dprgﬁérﬂt&%lﬂré—%hg‘ﬁuﬁ§s prdssed
e feed water processing tine i1s |less than one hour,
1ﬂmﬂﬁbmbrane surface is released by releasing the pressure on
the feed water supply side before the flushing operation,
whereby the membrane is caused slightly to become loosened.
Releasing the pressure on the feed water supply side is
preferable because releasing the pressure causes turbid
materials accumulated on the membrane surface and in the feed
water spacer to become loosened. One method for releasing the
pressure on the feed water supply side is to open the first feed
water discharge pipe f installed in the first feed water
discharge pipe 39 joined to the feed water supply main pipe 38
on the injection side of the feed water supply pump 50. Another

method is to open the valves dl, d2, and m during the operation

in which the first valves al, a2, cl, c2, el, e2, g, i, and k
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only nust the valves be switched frequently so that the
life 5 of the valves is shortened, but also the
recovery ratio is decreased. |If nore than 24 hours,
the effect of renoving accunulated turbid materials
may be decreased. As the nethod for switching the
operation fromfeed water treatnent to flushing, a
nmet hod of reversing the flow direction after an 10
I f [ riog o ' nethqd of
arf PREd REhBRGD, PiFrEdaorec s daiudadla o the
td . di f i r Q@Ej reapded, or
Spggé:gﬁgi%g??]éﬁéo ﬁét éejé\géhg%lﬁggg cg%m e‘s)u [ i\ged. Next ,
indt SHUERLOETPOSE TN B S SBESR | POFL 08,
* t he separ afiﬁgn menbr ane nodul e ol?atjf;% resent %veﬁeon

indtdntamEo®x prakBaded odad 859GR AQvahOa§Eods £HY SalhSing
a method of = operating a nulti-stage separation

t héraéiiren eoehl | IfeddneVl Sds@n it rBdr ety Bien ¢l £nMetb i@
installed. A flushing operation is included in the

matteri Sk removiidigsepaeat idue fendsand kinduaet 20n efewatie@n. In
The first flushing is carried out in the direction

thisviersmnae t thedvadvesoel pf e? eexhdvdt en theedenneaye water
before the flushing operation. The feed water flow

sidi raxg iprefgnaly fdpanedg € thehealvee ehneeds and k are
reverse to the direction of feed water flow i mredi ate.lgl

cloggdr dhare fisuse dgffprentdadepeaspaurgsberpedn fppth sides
O herwi se the seventh enbodinent is the sane as the

of $heREeBhERRe ARt there st BT ehBURR SH&SAINg TBPAGbrane.
o e B £ e B, B3B8 P e e
s W, Gk S R SRS s Ll
e RO thd Rl 55, SRR PRELALISE tn ane
perfiRAd RRtlerCAlsPRa26B! §YF8-34a, 34b, and 43 are preferably
fully closed during the flushing operation. Feed water used
for flushing operation does not permeate through a reverse
osmosis membrane module for high pressure operation with a
flushing pressure even if the valves el, e2, and k installed
on the permeate water discharge pipes 34a, 34b, and 43 are opened.
However, the feed water permeates through a reverse osmosis
membrane module for low pressure or ultra-low pressure
operation if this valve is open, giving rise to a decrease in
a flushing water flow rate and permeation of water with a low
quality. Closure of the valve installed on the permeate water

discharge pipe brings about another effect of causing foulants

deposited on the membrane surface to become loosened due to a

back pressure created immediately after closure of the valves,
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As the feed water directly supplied to the reverse

osnosSi

s nenbrane apparatus 10 or the nulti-stage

separation nmenbrane apparatus 28 of this enbodi nent,

i ndust
gi ven.
speci f

rial water, tap water, and recovery water can be
Al t hough the turbidity of feed 10 water is not
ically limted, turbid feed water with a

turbidity of about 2, which is rather high to be
théFE8Y efuithér S Feds IRV @ rFleWEBT, f@aen@ﬁgtéséissémn.

wi t hout a problem such "as a rise in water
di ff ewenéd o i v 398he ndUdhELa B bR G It nails 3‘ Qnt HBposite
[

regular or irregular reversing of the f |ow

rection

didéceiofees sgims ferasrt waielidd dqutal eonkl y1espphyedn only

after

heating to 40-600C since it is possible to

on@réivmett fan ot @ichdlevee a satlib€aoeobyaftushihgcef fact,
to renmove sline if heated feed water is supplied. If
cau$ing datrbiad evatearijpdisat or accymbi base theaer 40@€. Theoatount

no sli

me renovi ng effect can be achieved. A feed water

of MpstEEtRLIIOesseH rqdothe recavevy ratinedecreases if
resi stant t enper ature of the water t reat ment appar at us,
theveHighingoperapiomt if ccakiied ¢t 60LC 95 RIFRCEiNes .
for removing slinme. Feed water heated ,to 40-60' C may

Al‘HEO‘é‘i)bﬂjrt}eedllé}et per LdNENABGUSPHIBELPAL &F NPt e?if?‘illfw%l}’
<ol ELSCR] AT L e S B o
SRR AT 583 P ss
méJ‘Pf‘lcOﬂ:?n{‘p% e '13'37‘(1 hﬁ.%% Hﬁx%cﬁésﬂéi‘eh@ﬁ‘éh”ﬂ%geéé%r?ds,

In an

th&aSkowdtiv

t he ef

dedfdfie
si nce

energy erval 1s | onger an on

it o ALMET i A ehs &8 | MFed fLt 75! 1Y :I CHf@‘rF'lP{E’ant

fect of the present i hvention Is I npai red. Feed

ifi tHeet8kabPbYy TitEld .edpabs duPiz 88 ad Ondy Be Pnjected
an acidic feed wat er exhi bits an excel l'ent

intsd efddd aaitean ifbtd , L efaEis g aspetdtoivmnf Ihewaghing
t he nenbrane surface, and reduces accunul ati on of

ef fivirtyrduethelrsinor ¢deesrbybiafjecting pressurized air into

feed water. Although the amount of the pressurized air is not

specifically restricted, the amount of air making the volume

ratio of

feed water to air 2:1-1:2 is preferable.

Feed water is treated again after the flushing operation

for a prescribed period of time. In this instance, the flow

direction of feed water should be reverse to the flow direction

immediately before the first flushing operation. Specifically,

the valves al, a2, cl, c2, £, g, i, and m are closed, openings

of the valves dl, d2, and j are adjusted to prescribe the pressure

in the module, and the valves bl, b2, el, e2, and k are opened

to treat feed water in the separation membrane modules 30a, 30b,

and 48.

The procedure of feed water processing -> flushing ->
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surface. Feed water wwth a pH of less than 2.0 has a
probl em of chem cal resistance of the water treatnent
appratus, whereas 10 feed water with a pH of nore than
7.0 cannot be expected to exhibit the effect of sline
prevention. Feed water includes water pretreated wth
a coarse filter to renove |large particles such as sand
grai ns and water containing a dispersant for

i Noh frqulai [{dpn
o it plosgabtags 940 Tocralhiant St vacer

pré¢ésinfting f ukuabi g 1-mat ﬁél}iﬁé $ andl pPeréLash YAt en hours.

spacer and menbrane surface. t he di spersan

1f asHeeieddd hiat e2V piroallse ipigoduties i sHY B85 SPRaAR CondASKL, not
and Hypersperse MDC200 (both manufactured by Argo

onleinerdt fule) vaflwesebenpivétched Beequeatdly28o Thkae @€ Nfe
specific limtations to the spiral nenbrane el enent

of itise ald ks nig eheepned | dutrentmancharokterafy tietio is
present invention inasnmuch as such a spiral nenbrane

deateamad. IS4 mede Bhani 2di hguasentdleopddestpafatiemoving
menbrane and a feed water spacer around the externa

acqumphatied dnabisk matpripdat map pesienreasiadect AAgtRe peethod
There are several types of feed water spacer: (i) a

fox el tphidrg %QP#@W tham fhiead watess Hrptmey e
W res, each apdering with a gent].e curve frpn1%ﬂé§ed
flughifg e ra MLl i%{e lieg(ﬁa‘?%l% ftglﬁ wadlgiRqteenidfder an

he fi i . ' | f th [ )
CLaARHG Gl B CCRY BEHAPATIGN hohblanc BREHYIG MWyersing
end"fh ANOLNAL AL AGR, 1] IS HEG JOTTING. QL. 415, T eed

er passages, the second Wres running  along t he
: Fﬁaﬂnfyg%ﬁﬂg Eﬂ?% SERAt dnﬂgﬂﬂﬁ
dl%ﬁn W'T e an anéot erq{ae(ﬁrg?ent sé%or%g(nvmre o?%tn%}? of
thddte iittfyds feff petariPasspge, and the first wires and

second wres partly overlapping and bei ng bonded at
t he e ) apFev@Eni Binbodliment 3ff €RE Ypéest $RGaREthod for

secured to the end of feed water discharge

the separation membrane module of the present invention will
be explained with reference to Figure 3. This is a method of
operating a multi-stage separation membrane module in which a
spiral membrane element is installed. A flushing operation is
included in the course of the separation membrane module

operation. The first flushing is carried out in the direction
reverse to the direction of feed water immediately before the
flushing operation. The feed water flow direction after

flushing is either the same as or reverse to the direction of
feed water flow immediately before the flushing in this seventh
embodiment. Otherwise the seventh embodiment is the same as

the sixth embodiment. Therefore, the preferable form of feed

water during treatment, manner of operating valves during
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10 side of the separation nmenbrane or secured to the
end of feed water discharge side and the end of
concentrate water discharge side, (iii) a feed water
spacer folded into two parts to secure the end of feed
wat er di scharge side of the separati on nenbrane or the
end of feed water discharge side and the end of
concentrate 15 water discharge side by sandw ching

f1d emﬁdcp&‘béowuéhﬁﬁ&, arld \e)neaﬂﬁedaf@t@{e $RALChs in

made Tromw res with the nunber of 1ntersecting points

th®k iR db&@neRt . 1 ihdta¥Biaditdrials aﬁ:@%f‘@i@fently

spacer made fromw res with intersecting points of

remdVeéd biyh€1 6wihgreios duahlingof1n b einnthieepel ¥r e d Bas®sion
along 20 the feed water flow direction, and (vi) a feed

in viiersespacieh  enssted i e Vi Samé hefi fdet sectimEp®igisth
of which the nunber gradually or intermttently
emhottimeasescal drgy adleidwstl. water flow direction. O the
type (i) feed water spacers, those in which the
meandie tihegt et pateirtdizeqjeit Sepplied tosthe reygrisgrosmosis
pattern 25 without a bending point and in which the
menhiiang poparafuysatliloorothanpnl t idetaoe csopaeaeien iembrane
(HL) of 0.02-2, and the nunber, of wavel en%th of
aPPPrﬁTGJ'ﬁnzﬁePfV\FFbs HRPqstide by ladysted alnyatese ntay water,

an%ﬁ%iaﬁ’?%?r SI acﬁga%sah?%ﬁéS?@?”%m“ﬁkﬂtﬁit‘?l{%é”ﬂ of feed
wats T Nt S PR R R el i dmdritn a

oS P AR L A2 Righ, S BBt =
spidd) m@hpiURe &1ondnt PULMBLCE L ERAER i il sngwbpémtmsn

wat er |scharge side o e separation

as HeFPsang ahtert frowiad réereatgant ?ﬁé@sﬁ@é@:{uﬂirﬁf Ral8fg run
side fromthe perneate water | ecting pipe are

dug €60EHd iregiuil ak- 30 %rafediead E@géhs ohgldf the pesweblmection
wat er collecting pipe of the separation nenbrane in

of fhedlwatgint udFead witec tisopr efesab byl supphiescaftad taating
to ttl;t(])(360°c since it is possible to prevent formation of slime
on the membrane surface and to remove slime if heated feed water
is supplied. If the feed water temperature is less than 40°C,
almost no slime removing effect can be achieved. A feed water
temperature exceeding 60°C is above the heat resistant
temperature of the water treatment apparatus, even if the
temperature exceeding 60°C is effective for removing slime.
Feed water heated to 40-60°C may be supplied either continuously
or intermittently. When heated feed water is intermittently
supplied, the interval is preferably from one hour to one week

for ensuring efficient slime removal from the membrane surface

without wasting energy. If the interval is less than one hour,
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inside. In the operating nethod of the separation
menbrane nodul e of the present invention, the
separati on menbrane nodul es 15 equi pped with a spiral
menbrane el ement having a feed water spacer of the type
(i), (ii) or (iii) can be applied to any one of the
first to seventh enbodi nents. Since the nunber of
intersection points in the feed water spacer is

inv&BvEd Qﬁmce%%%@ydh@atiﬂ%tﬂ&ﬁﬂt@fviﬂIarrﬁghéeay OfodLd1f the
water in the separation 20 nmenbrane nodul eS” equi pped

intéivaR EPilcigarehaanene! @EBR] AW HY othee haad,"alehe is
spacer of the type (v) or (vi), these separation

easEPr foemed dah@ st kanepfede eppthedpieséme fnveition is
second, fifth, and sixth enbodinents in which the feed

impaired{ | dleedl waterais prefecrablyesupplied adsaqH bl 2{0+7.0
t he separation nenbrane 25 nodul es equi pped with a

singe ral agidbeafeed Warkenmt ekhibihys arf esdellentrstsguikization
the type (v) to use the reverse-direction flushing of

effert ; Hnavents preduch ionbodi sbime ornsitheemembsanggsurface,
separati on nenbrane nodul es enploy a structure in which

anq Jigduresracsymiatdan ofc tngbideBakerial ReoBnt @ feamrane

wobff R R BIRTES o SRS ST Frbbren
. ' 5 [

ot HiEhIBF R BPCRlaRbe Ui MR oo BB L e
ceFBS6RP; S0 W e R P e e

exﬂﬁ]feé'tﬂé)reﬁ@g’lo% (i%eg ng\éﬁ%ioﬁp_e ﬁéé%@{r%ﬁe% includes

confilguration includes, isnot imte

watdpReitdeat sl WA ARG Bs e AN 48V £5 YeRovE) Qaggﬁgkﬁédr@ic les

wre intersection is not specifically limt

sudmCAsJ_cte@m%ww,arm afqcddidrsaitifd | i tfan@ntbr
the like. The intersection point indicates a point at
prevemthindesddYestand réod iy sedhe wdditiba sfcandispessant
increases the effect of suppressing accumulation of turbid
materials in the feed water spacer and membrane surface. As
the dispersant, commercially available products, Hypersperse
MSI300 and Hypersperse MDC200 (both manufactured by Argo
Scientific), for example, can be cited.

There are no specific limitations to the spiral membrane
element installed in the separation membrane module of the
present invention inasmuch as such a spiral membrane element
is made by winding a enveloped separation membrane and a feed
water spacer around the external circumference of a permeate
water collecting pipe. There are several types of feed water

spacer: (i) a feed water spacer formed from first wires and

second wires, each meandering with a gentle curve from a feed
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but may include the case in which the first and wires
partly 15 overlap, for exanple, the case in which the
first and wires have waveform configurations. There
are no specific limtations to the cross-sectional
configuration of the first and second wires. A circle,
triangl e, and quadrangle can be given as exanpl es.
Wres with the sane di nension and sane cross-sectional
wa2Or Gt @ itORatah BeelSRft dobut het fd i, R (566 Wires
wires. The thickness of the feed water spacer iIs
ruffiihy ad Bitig tehedlo 5 i@ bipposimg karfhbas bRethens&patd€ion
di aneters of the first wwre and the second wire, which
merisrame | baerfiget ofire.ahdBafother Adjavght £hes€ widleefdBming
specific limtations to the material for the feed water
on2®fspheefeeppvatpro ppkseageandtpel smtdnd eriares eunning along
preferable fromthe viewpoint of formability and cost.
the/kothels hemrane shefare ofarhédesepathtwion memispene f i gne
limtations for manufacturing the 39 V feed water
seaqnd siirecapd anohempladijagend peepadabi ke fiagmimngethe other
vi ewpoi nt of cost and fabrication precision. The spiral
feer W3texcPateneft and khgel WsthwidiesgandEasond HAree pavlly

envel oped separatio ranes, around.the, external 5 ..
oveN ARIPR AL Hsing BoPaes: 8tvEhe, O¥er HeEpLAg B pets, (1)

the feed ration

h ith h
a regdfyaferiploet Keddity 13 Phe BRE Br fodd dSHRFRA Sindlue

s 1B 30 spRUFLS Son REREESn IS AR AL o BRel LG 68" reca
e glven. ese, € reverse 0snosl s nenbrane,
: _ ¢ g S|
watlh BsUARTREcTide ahd the UHRAOE CIcL AL fafemaaMarge
sidd (GaRYeAl QNplLY cres E &8 R 1Rt FRRbMBIY paStdto secure
essential treatnment, can exhibit a better effect. As
thd BRd &£\ReHPwASER Ss IR BE dedo £ HNEBep8YEE $6n WIS Sne

menbrane capable of elimnating 90% or nore sodi um

or thea@rndief ffleed watber A@scharge side and the end of concentrate
water discharge side by sandwiching these ends from both sides,
(iv) a feed water spacer made from wires with the number of
intersecting points of 500-10,000 per 1 m®* in average, (v) a
feed water spacer made from wires with intersecting points of
which the number gradually or intermittently decreases along
the feed water flow direction, and (vi) a feed water spacer made
from wires with intersecting points of which the number

gradually or intermittently increases along the feed water flow
direction. Of the type (i) feed water spacers, those in which
the meandering shape with a gentle curve has a reqular pattern
without a bending point and in which the pattern has a ratio
of amplitude H to wavelength L (H/L) of 0.02-2 and the number

of wavelength of 1-100/m per wire are preferable since that such
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15 and a nanofiltration nmenbrane or | oose reverse
osnosis nenbrane wth a | ower desalinating capacity
can be cited. The nanofiltration nenbrane and | oose
reverse osnosi s nenbrane have a desalinating capacity
| ower than common reverse osnosis nenbranes, but can
separate out hard conponents particularly 20 such as
cal ci um and magnesi um The nanofiltrati on nenbrane and

a faggé%g@a@r a@éﬁoﬁéé {RODFSOE: B8 _@%%eéfréﬁdadﬁ?%@&e

Any reverse osno rane no
nuhbét d5d %}H&P@dfé‘\é& hyat e BPOoNEsERE i he de Seh r@éter [flow

menbrane el ement may be used without 25 any specifi

padsddé ANt heFPh1 &KX AT toat h8 RIS tO TR §1ﬂ8§€f@@§alght
nodul e having the structure shown in Figure 4 can

whild efbntAy aeAMA&ring Jtherébyapesvehenfd teveid anaterlals
osnosi s 40 nmenbrane 61 is spirally wound around the

freaxbaimg accomulbheednie tihef faefdewarat ef Vit @laséalgeact IAgthe
pi pe 60 together with the feed water spacer. The

tymair fidcke drs tylpen (ddigr £eéedi whtarcspacef?. the lehgsbhope the
st opper 64 having several radial ribs 63 is secured 5

endpfbbeed sviden dipebacge side ofi the Isepaoatdoremembgane and
osnosis nenbrane 61 from being pushed out. one spiral

thenensk afeceneaphratgsvater slifahangsmsife ﬁé@ﬁe’@lﬂ% RRERgate
col | ectiing pi pes 60, reverse osnpsis nenbrane 6

watey, golgec PéP@s%Bﬁer%QB%‘b"eWeJGﬂ 1-dd% e t§5| ?Lﬁ!lgth of
menbr ane el ement s are connhect ed 10 conpecting the
thepmaa%weaﬁrcwfiemagrﬁﬁe 65 FRECACRACRTTan membrane
Ie nt, 65, t t t
in (iR (o CfR L, O SO f i ol dhd, T e
lnéﬁﬁgetmeen the external circunference of the spiral
rane elenent 65 and the internal circunference of

the f‘ﬁ’%‘ @ﬁaifm%ﬁ@(tﬁ@d% 'P.hé éépatif ﬁéinb? g'%nodule
feed wate eed pi not own) for

of Viﬁieerprté?sé[{@ FRHSIHH0 trfe 'dﬁiﬂdtﬁd}rﬁtméiﬂﬁ:ﬁféj nfdd Nes
equipped with a spiral membrane element having a feed water
spacer of the type (i), (ii) or (iii) can be applied to any one
of the first to seventh embodiments. Since the number of
intersection points in the feed water spacer is restricted
according to the flow direction of feed water in the separation
membrane modules equipped with a spiral membrane element having
the feed water spacer of the type (v) or (vi), these separation
membrane modules cannot be applied to the first, second, fifth,
and sixth embodiments in which the feed water flow direction
is reversed. It is essential for the separation membrane

modules equipped with a spiral membrane element having a feed

water spacer of the type (v) to use the reverse-direction

flushing of the third and seventh embodiments, since these
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housi ng 66. At the other end of the housing 66, a
processed water pipe (not shown) connected with the
perneate water collecting pipe 60 and a non-perneati ng
wat er pipe (not shown) 20 is installed. The reverse
osnosi s nmenbrane nodule 69 is formed fromthe housing
66, its internal conponents, pipes (nozzles), and the
i ke. Wien treating feed water using the reverse

seé’a‘ﬁié@!?ién mERHYAREMBREYES &b Ry bhseriyPerofimihychU €rbid

eed water 25 is introduced under pressure using a

ma e B R aetdmefl atted Heusi e Gt AMmEoMthY £864 water
arrows in Figure 4, the feed water passes through the

sp&Paces Tole s8ghahtibhmédbind heduelkes§oPepdd wiiltapaesp ka1l
and is introduced into the first spiral nenbrane

menth aven te 1@menk pawtingf thd e deeb datetresppass st ttheotgpea(vi)
feed water passage partitioned by a feed water spacer

carbetenverppt 1vd newbrkeen esh iofd tdmed fsewtntspi emtbo diemdrtane
element 65 and is introduced into 5 the next spira
menbharidefeednvater spacerhaf phettype e ¥ sodtypeeivi) ,
perneates through the reverse osnosis nenbrane 61 and

network SpacErSd fpamedel per bl el kg &gl waeerngngipel sple
as perneate water. Feed water passes through the

SecoNd M 1hRSoriie IR s CHE R iivRbusTre hrEvosdy

conEiBeAla gt TURBERP 1 Fofh (He Tih eIk bR ne TR

quifrdtols oo FRTe LR o RO Biidl P Pore (RiSFLEee18R s
g S e S
twiOld LELLPICPIRE PR ASIRET MBALE W & ectlon B8 ihEVEIPR ates

osnmosi s menbrane nodul e of the present invention

a pbRatufeqhith aeeliftirar &Pré NatREdct sogit RRIE ¥eébnd wire,
plurality of spiral nmenbrane el enents as shown in

butFinGy d néludembtel easeqiihpphRiciM the ONErs$pided wibrey ghurtly
el ement, for exanple.

overlap, for example, the case in which the first and wires have
waveform configurations. There are no specific limitations to
the cross-sectional configuration of the first and second wires.
A circle, triangle, and quadrangle can be given as examples.
Wires with the same dimension and same cross-sectional
configuration can be used for the first and second wires. The
thickness of the feed water spacer is equivalent to or slightly
smaller than the sum of the diameters of the first wire and the
secondwire, which is in the rangeof 0.4-3.0mm. Although there
are no specific limitations to the material for the feed water
spacer, polypropylene and poclyethylene are preferable from the

viewpoint of formability and cost. Methods known in the art

can be used with no specific limitations for manufacturing the
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The nmul ti-stage separation nenbrane apparatus of this

20 enbodi nent has the two or nore stages, wherein
interstage concentrate water from separati on nenbrane
nodul es of a front stage separation nmenbrane apparatus
or separation nenbrane apparatus group is sequentially
supplied to separation nenbrane nodul es of a rear stage
separati on nmenbrane apparatus or 25 separation nenbrane

fedPREBEHSSEH P, EXtrsa Rl ﬁolalﬁg>gs>ﬁref¥95bigrf?om the

stage separation nenbrane apparatus consisting of

viéwedint epar 660 Na @ i A Ee MPDE ab HSc 8 Dop. 72a havi ng
four 42 separation nenbrane nodul es 7la-71d arranged

i n pZhel Epliradnmembtanst ajemerpai at made NBybw Bl®ing one or
apparatus group 72b having two separation nenbrane
twormduine s e 7drev §lidpedisiepagad iion pembtraeeés samoira] therexternal
separation nenbrane apparatus 72c havi ng one separation
cigc@nfertnce o fnd peracatg wateuce 13 pctdng-ppe ypgetther with
stage separati on nenbrane apparatus consisting of a
the r{prd Sépkent $PACRND AEn & hen SePagiald ogr S@RbT3Mmenad ng
t hree separati on nenbrane nodul es 74a-74c arranged in

micrR kil erataien MmemFaRp Tkl Herh ke meppane usrer‘e%rse
oo A0 ik She yf;‘;wg"%@%m
<o Mo M eri L0 gt B S it ino
101@?&@‘ n@?lq;lél & dﬁ‘%%#?&ﬁ'igr v?e:[ O &T Z!&J n%tnt%n%om feed

merrbraﬂ)e appar at u avi ng one

wat@d Uiy 7&911&5&19%&16%}5)%?%@{%53 at Sﬁﬁeﬂﬁ’é& é’i’Pc 3&@% 15

separati on nmenbrane tus consisting o front

es SR AL | OFa tTRAHY ANGARPAT A US o Hethan '&ﬁlﬁ: As the
separati on nenbrane nodul € 78a and a rear separati on

revEREE OHEMEPRAMRENMS ahd, NR\Gdignai &reviaital Jdnils IR Mdmdeane
nodul es 78b (Figure 6 (C) )can be given. The apparatus

capble girel fiB)aeing oWs thenaanscdinangeheni da< ridicadfrine
apparatus of Figure 3. Figures 5 and 6 are schematic

and/pgvanofiltration membrane or loose reverse osmosis membrane
with a lower desalinating capacity can be cited. The
nanofiltration membrane and loose reverse osmosis membrane have
a desalinating capacity lower than common reverse osmosis
membranes, but can separate out hard components particularly
such as calcium and magnesium. The nanofiltration membrane and
loose reverse osmosis membrane are also referred to as an NF
membrane.

Any reverse osmosis membrane module that is equipped with
the above~described spiral membrane element may be used without

any specific limitations. For example, a reverse osmosis

membrane module having the structure shown in Figure 4 can be

cited. As shown in Fiqure 4, a enveloped reverse osmosis
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wherein two discharge |ines froma separation nmenbrane
nmodul e indicates a first concentrate water discharge
pi pe and a second concentrate water pipe. The

| ocations are different fromthose of an actua
arrangenent. These nmulti-stage separation 25 nenbrane
appar at uses have an appropriate formaccording to a
required recovery rate and throughput of water. The

memblLhhe $1298 sHARAAY QHuAB HYRRE @E@ ttha c iP@urﬁf erence

present 43 inventi on can ensure the operating net

of @Iﬁém{ﬂaaﬁewa%&a&aueatﬁﬁwﬁﬁ@ mdsa t9fert bﬁtlﬁr %ﬁ@nfeed
invention in a sinple apparatus. | MPLES T

wa Pe LSS ceV eTthieOBu N htebis dafegy bbeértaa WRER éd%to'#e'r 6By A
exanpl es, which should not be construed as limting the

tebessepéd Stopgidr @3 hE¥angl seded ] | B Y irdlbsVgBel s W éduBed
turbidity of 2 and conductivity of 20 nS/ mwas treated

at i loth 2end$ Ot dopir epen tretleat sp imra Lihglewodnid réwdioai ogmosis
operating conditions using a reverse osnosi s nenbrane

mempnrana st nom fped nid pushed angsenefnessmisa il mefbgane dlenent
reverse osnosis menbrane nodul e having an 8-inch

65 ol Epwmed- fipom Stieeprieea te cip tyr Nl beTing 1hpes )60,
with a network feed water spacer._wound therearound was

FeYRESP LMl MRIIANS; fdgi §°Vﬁ€nﬁ?anén‘ap‘ﬁ)‘a¥%¥€8pe StOPPer
Performance of the r erseeﬁfn03|s nenbr ane nodul e

64 o, SEYSTEG 5P iFeds e 6 a|areppe§gaﬁ0§ed by
oS RAAT TRE PO e SAAEC oL b by R Dhiie Agch Spifal
oA, T S o A P evin
and W& SHOMPS{F SBBISNEy B¥U & WaRarance 67 between the
external circumference of the spiral membrane element 65 and
the internal circumference of the housing 66 is sealed with a
brine seal 68. A feed water feed pipe (not shown) for feeding
feed water to the housing 66 is installed at one end of the
housing 66. At the other end of the housing 66, a processed
water pipe (not shown) connected with the permeate water
collecting pipe 60 and a non-permeating water pipe (not shown)
is installed. The reverse osmosis membrane module 69 is formed
from the housing 66, its internal components, pipes (nozzles),
and the like.

When treating feed water using the reverse osmosis
membrane module 69 of this type of structure, the feed water

is introduced under pressure using a pump at one end of the

housing 66. As shown by the arrows in Figure 4, the feed water

passes through the spaces of radial ribs 63 of the telescope
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di smantl ed to observe conditions of turbid materi al
adhesion to the feed water passage. The results of
nmeasurenent are shown 25 in Table 1 and the results of
naked eye observation of the feed water passage are
shown in Table 2. (Operating conditions) 44 11 As shown
in the above second enbodi nent, three flushing
operations were carried out alternately from both

stghg tBQnéﬂdmﬁgniﬁﬁfoéﬁgg?m?§f5 %ﬁgmff£§€cé¢ffa%s embrane

ereln Irs was carril e

eléﬁsnélersect whftewﬁﬁe k@ea%éeezeﬂaés 4§irdddia feed water

direction imedi ately before the fl u i ng operation.

paﬁsge fHagalit¥ on@doy her Qe iwat bR pfiter Baﬁhseﬁcmfé lﬁémﬁﬁanes
of feed water treatnment (8 hours) -> flushing in th

of ke fie stti 5pLthDimerdfh heQRtBnt 55T Anghi riannwouheed into
forward direction (60 seconds) -> flushing in the

the ereaxrtsep ir a tatanby ArEde s emont ¥)5 . WaTher etposit partlOf the feed
flushing in the forward direction herein indicates a

waténgempads dhirongbathé etbvmrse nsmbe idi mexbrame &l heddis
water flow inmediately before the flushing in the

collected i thetpermese watidnnoplectsngopipatibaswpermeate
carried out under the follomﬁng condi tions: pressure:

waters Need wakeseaages wiwreughithe | spinag: @eﬂ@rﬁnﬁsﬁﬂh%f—‘ﬂts
wat er . tenperature: 25C, and pH of feed water: 0.

65 FFRRHI P caed st "‘lf‘ﬁﬁfér Nte Prec}m%%ﬁ’g thm“gh the
condi tions:, c or d: full flushin

reffiis e s BembtanG 5 SAmoUat TETR i AL St sehe

h our
ho B eE & s J8oRagFs Ba S TP U ER FRBS LB R Rsmasane
Eﬁﬂﬁpé e t VBS: ec r
101HEUS 2y J!es A EP hl:%lbraéa?rgéén icﬂi. ﬁ,q%q;quu ﬂe'}%e%%%t?i

operati on at
through the reverse osmosis membrane is removed from the housing

66 via the permeate water collecting pipe 60 as permeate water.
The reverse osmosis membrane module of the present invention
includes, in addition to the module equipped with a plurality
of spiral membrane elements as shown in Figure 4, a module

equipped with one spiral membrane element, for example.

The multi-stage separation membrane apparatus of this
embodiment has the two or more stages, wherein interstage
concentrate water from separation membrane modules of a front
stage separation membrane apparatus or separation membrane
apparatus group is sequentially supplied to separation membrane
modules of a rear stage separation membrane apparatus or
separation membrane apparatus group. For example, a 4->2->1

type three stage separation membrane apparatus consisting of

a front separation membrane apparatus group 72a having four
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to make the ratio of feed water to air 1:1. The results
of 25 performance eval uations of the reverse osnosis
menbrane nodule are shown in Tables 1 and 2. Exanple 3
45 The sanme 2,000 hour permanent run as in Exanple 1
was carried out under the sane conditions as in
Exanpl e 1, except that feed water at 50C was
intermttently suppl [ ed once a day for one hour

sef EE%&% ereﬁl?Pé%% Was o a| ne%?lblygJ aﬁgrgﬁ‘?% ?‘k‘es%' gi%gi:’ an
1nﬂ\@f§fa?§tsgﬁéﬂcﬁl Iﬁ%ﬂﬁﬁrane-rggﬁéféﬂhgs a}Eefjtp?}ul eﬁgr two

evaluations of the reverse o SIS ne

sepaPHPibA maidSsnd modd % TEéan%f‘reﬁQgJ@%rﬁ ﬁ%ag.’l@qo and

our permanent run as in Exanple 1 was carrl ed out

a redebebA@atdbn mEMS 4he RppaT athsEX2EM A/ iing @Xq@eﬁépamaion

feed water at a pH of 4.0 was supplied instead of feed
menist e maidud epHL 9f( FlhireFSpd avie? tgpeatpdisafage sépavstion
obt ai ned by adding hydrochloric acid to the feed
memat #me appparasus (o igenfpofaacérbhtesapaabtbos némbhane
reverse osnosi s nenbrane nodul e are shown in Tables 1
appawatus Rzonp B ey isgndéh2zee06ehasuatpennmemhranamagules
in Exanple 1 was carried out under the same conditions
T4s74q axeapyed 11n cpaept leboanda Em/&emr@tm%wm@ne
(Hyper sperse MsI 300 manufactured by Argoscientific
apReratym < IR Y ing tHaLSePRERtiRR dlemhnane, modyligisyidgl, of 4e

2 and conductivjty. of 20 n5/m The results, of
(Flp%wf%rf?r%bbr R A TIE TBYRS PR (REAEE FRATRTHR SRR

appareytus Onsis O.lVerng Iol% TaPront %e%r::]\(lj:‘a 10%.5mglxn ggne apparatus

group 75a having two separation membrane modules 76a, 76b and
a rear separation membrane apparatus 75b having one separation
membrane module 76¢ (Figure 6(B)), and a 1->1 type two stage
separation membrane apparatus consisting of a front separation
membrane apparatus 77a having one separation membrane module
78a and a rear separation membrane apparatus 77b having one
separation membrane modules 78b (Figure 6(C)) can be given. The
apparatus of Figure 6(B) employs the same arrangement as the
apparatus of Fiqure 3. Fiqures 5 and 6 are schematic views,
wherein two discharge lines from a separation membrane module
indicates a first concentrate water discharge pipe and a second
concentrate water pipe. The locations aredifferent from those
of an actual arrangement. These multi-stage separation

membrane apparatuses have an appropriate form according to a

required recovery rate and throughput of water. The

multi-stage separation membrane apparatus of the present
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Industrial water with a turbidity of 2 and conductivity
of 20 nS/ mwas processed in a 2,000 hour permanent run
under 46 the follow ng operating conditions using a
reverse osnosis nenbrane apparatus with a flow
arrangenment shown in Figure 2. A reverse 0sSnosis
nmenbr ane nodul e having an 8-inch elenent ES-10
(manufacture by Nitto Denko Co. , Ltd. ) with a
inPEAMREK ELL0eNBURE tRe SHREREt YIRY N L RS S ATRIDE 8S, e

used as a front reverse osnoti c” nmenbrane nodul e 10A

sepa¥£8] ol ReMbTa neSH®EH Se BFTOha HradBedid envéABiofE &I @ﬂﬁple
reverse osnoti c nenbrane nodule 10A and one rear

app&vetrse. osnosi s menbrane nodul e 10B were used for the
reverse osnosis nmenbrane apparatus. Performance of the
reverse 10 osnosi s nenbrane nodul e was evaluated in the
same manner as in Exanple 1. (Operating conditions)
EXAMBIsESIre: 0.75 Moa, concentrate water flowrate: 2.7
m 3 /hour, water tenperature: 250C, pH 7.0 (for both
t he Therpreasnt cisrent bunesild bendeansiheduie mene detrsil

rear reverse osnosis _nmenbrane nodule | OB)
by fexampiep ot iah sthqulst nafe he grnstanad s ckibiting the
menbrane nodul e 10A) : the sanme flushing as in Exanple
Presgny MEREWPhours. The flow direction of feed water

Ex a_ﬂanged for only the front reverse osno s is
5ﬂ§ﬁﬁ e nodul e, but 20 not for the rear reverse

0SS $, FEIDL ANG, (G T3DL G Jg SEOUSE ot BGq TSI S Lor ey

rear reverse osSnosis ne conparati ve

of %HB'/E wab @%ﬁécﬁﬁn"‘?t froﬁ‘@%édxﬁﬁe‘iglaﬁ%g&gﬁﬁéﬁgﬁder the

manner as In except t rane

folsl%%ﬁrrﬁ%bﬁEerfﬁﬁ %@ﬂﬁi@lor@uﬁ‘@ﬁ ansdwd # £dobRokhS nténﬁﬂ.tane

e flow direction of feed wat er was not changed,
app¥h thlgIGhit A0a WASWOAT £ RgemSRE @HdWEAE hYF i gurslust  hateverse

water with a turbidity of 2 and conductivity of 20
osmosis membrane module having an 8-inch element ES-10
(manufactured by Nitto Denko Corp.) with a network feed water
spacer wound therearound was used as the reverse osmosis
membrane apparatus. Performance of the reverse osmosis
membrane module was evaluated by measuring the differential
pressure (MPa), the amount of permeate water (1/min), and the
conductivity of the permeate water (mS/m) at the initial stage
of operation and at 2,000 hours thereafter. After the 2,000
hour operation, the reverse osmosis membrane module was
dismantled to observe conditions of turbid material adhesion
to the feed water passage. The results of measurement are shown

in Table 1 and the results of naked eye observation of the feed

water passage are shown in Table 2.

(Operating conditions)
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47 nmS/mwas treated in the pretreatnent unit and the
treated water was further treated by a conventi onal

nmet hod using a conmercially avail abl e conventi onal
reverse osnosis nenbrane nodule. The results are shown
in Tables 1 and 2. 5 Conparative Exanple 2 Industria
water was treated in the sane manner as in Exanple 1
except that the foll ow ng operating conditions were

o Aoy B 58 Mo b AL S e rsning
op&td ££5hY vfifle@t@é}!]qyekﬂa o:lnq, %9@.%%%3&%&?' f%ﬁhﬁgtﬂsﬁfﬂe@tlons

commercially aval conventi onal reverse osnoDSI

whé® Fheaf\Ce Rd e f‘léﬁ%‘i&e’éihﬁﬁ J_Qﬁﬁtah%@a"ﬁmergﬂ? the first
results are shown in Tables 1 and 2. exper i ment

£1@86h Gapaladare ilbwBntein, tisd r@i?ﬁ'échﬁdﬂ frfeerre&@fé b the feed
pressure reached too high a |l evel to obtain perneate

watet €l owtdier et iapel Rnbanavedy HedRneot hé faehti ngash&eal fon .
after initiation of operation. (Operating conditions)

Spév ESieaEly 0.a/oyhfie openathbnatenavatyeyld towsiatdng2of feed
n8/ hour, water tenperature: 25C, pH of feed water: 7.0.
watlfxr Eingsitimegtop8riaumns) i-> fheshingein tdier eevevaewhbrection

carried out every 8 hours by suspending feed water
(6Q segomest), -+ uflyshingilngthealamvard ddraictden h6@heeconds)
first branched pipe 151 for concentrate water
-> §iLyeRapgen Fa?tr%@rfs@e@l’é\%‘?'é*o@ d 60reerends bewasSHRReated.
e modul e in_an anpunt three tines the feed water
T™he dep IS AL T O Al AL Al cated o
di schar ng.f.l ush wat rr.om t he conc ate
FLETE GRS rpe o hatE SPopEt FEREARG RArERed Water
flow immediately before the flushing in the reverse direction.

Permeation process operation was carried out under the
following conditions: pressure: 0.75 MPa, concentrate water
flow rate: 2.7 m’/hour, water temperature: 25°C, and pH of feed
water: 7.0.

Flushing was carried out under the following conditions:
valves c or d: full open, flushing water flow rate: 8.0 m’/hour,
and water temperature: 25°C.

Example 2

The same 2,000 hour permanent run as in Example 1 was
carried out under the same conditions as in Example 1, except
that air was injected during each flushing operation at a rate
to make the ratio of feed water to air 1:1. The results of
performance evaluations of the reverse osmosis membrane module

are shown in Tables 1 and 2.

Example 3

45
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Amount of perneating Conductivity of pressure
difference water [|I/ m n]perneati ng water PanS / m
Initial 2000 hrinitial 2000 hrlnitial 2000 hr Exanpl e

10. 0200. 03520150. 300. 45 Exanpl e 20.0200.03120160. 300. 42
Exanpl e 30. 0200. 03520170. 300. 39 Exanpl e

40. 0200. 03520170. 300. 39 Exanpl e 50. 0200. 03320180. 300. 38
Exanpl e 60. 0200. 02020200. 300. 03 Conpar ati ve

0.02 0 200 0 | i
0. 05D 08ARE0Z: %ﬁgn%ﬁ'gr SpelEnfede PIRAE i Fxampie L uas
' d
ca 64 Ak, Phdir RETURL Mo REEORNS Bid h ExdlBIROY) except
thaX FHRIE walerPhel J@icehs! SnPéfn st totly éfﬂpﬁci@ﬁogﬁgda day

Exanpl e 3Turbid materials are very slightly atta

foGHE | HOAT Ui td AR 08T b@h&iﬁh@u‘é@&ysﬁf:bﬂgihﬁ gbbachgeer at
Exanpl e 5Turbid materials are very slightly attached.

25%xanpkadrdf¢0at ROAWABSIbi el Biydhaat n§ altfe #ked water
attached. Exanple 6 (rear RO No turbid materials are

at @19°acliada Geaperat i Yie Exespl es 1 npst foxmdntdidvaluations
materials are attached.

of the reverse osmosis membrane module are shown in Tables 1
and 2.
Example 4

The same 2,000 hour permanent run as in Example 1 was
carried out under the same conditions as in Example 1, except
that feed water at a pH of 4.0 was supplied instead of feed water
at a pHof 7.0. Feed water at a pH of 4.0 was obtained by adding
hydrochloric acid to the feed water. The results of performance
evaluations of the reverse osmosis membrane module are shown
in Tables 1 and 2.
Example 5

The same 2,000 hour permanent run as in Example 1 was
carried out under the same conditions as in Example 1, except
that 5 mg/1l of a dispersant (Hypersperse MSI300 manufactured
by Argoscientific Co.) was added to industrial water with a
turbidity of 2 and conductivity of 20 mS/m. The results of
performance evaluations of the reverse osmosis membrane module
are shown in Tables 1 and 2.
Example 6

Industrial water with a turbidity of 2 and conductivity

of 20 mS/m was processed in a 2,000 hour permanent run under

46




10

15

20

25

Conparative Exanple 2Turbid materials entirely bl ocks
the feed water passage Exanple 7 Industrial water with
a turbidity of 2 and conductivity of 20 nS/ m was
treated in a 2,000 hour permanent run under the 49
foll owi ng operating conditions using a nulti-stage
separation nenbrane apparatus of which the flow
diagramis shown in Figure 7. A separ ati on nmenbrane

oo BB P s\, 55148 o ROV i
meMBHARe t %%%%1Wau§fgw'&f§}%&¥@ﬁﬁ s?ﬂcﬁ»ﬂiefln F]'J.gure 2.

separation nenbrane appar atus or mance o

A r%%@@*s@téﬁﬁbmeaﬁ?an%&tﬁé’\ﬁﬁv%?|d%ﬁ§3§n@h’ JRAMN BF-10
the differential pressure he anmount of

(mel fRet €r evdlyen i € 46 menko end, tthe .Q0REtE bl NétWo Pk fle@ water
perneate water (nS/n) at the initial stage 10 of

spaper ardwmd artterda i) wasu s ddheseal Feonef rébhersersémotic
stage separation nmenbrane nodule. After the 2,000 hour

mempeane module heAfandta seagersepes atasmosieniheabeanmedubdule
was di smantled to observe conditions of turbid

10Bat dneaf raghdsvar seposhet e gembaaae mpdskaddA ghd one rear
results of neasurenents in the first stage 15

reERIRR ASMNE Ife FeERFansoodular FOB we¥e userabpsstBe megeerse
results of naked eye observation of the feed water

OSORLS JUCRR RN G ARP AT 3 -Wihi cn?qn#@rfre@&wferth@par@éaerse
t th t | .
osifgt & ebrte BRRAL FoF A IR Seb g MG AN BRRRGE,as in
Ex ees19 These remarks al so apply to results of
npl'es 20 8-12 and Conparative Exanples 3-5 in

%?Hﬁ ratlng condi tions) Valves were
(OF pen"e%“g oseor@ccordl ng to the process steps shown
in TppbSsdre WhE! £ nMﬁéepéoﬁ@enﬂ-rﬁee Neatdf FRELNBatdP 2.7

one cycle to be repeated are shown. Perneation
m’ /0Rer3t Wale25tbmpbeatGpkk e2¢iONpHA NG BrowaBotRAlth€Ufront

out under the conditions

reverse osmosis membrane module 10A and the rear reverse osmosis
membrane module 10B), flushing operation (for the front reverse
osmosis membrane module 10A): the same flushing as in Example
1 for every 8 hours. The flow direction of feed water was
changed for only the front reverse osmosis membrane module, but
not for the rear reverse osmosis membrane module. Table 1 shows
the results for the rear reverse osmosis membrane module.
Comparative Example 1

Industrial water was treated in the same manner as in
Example 1, except that a known membrane separation pretreatment

was installed in the front end, the flowdirection of feed water

was not changed, and flushing was omitted. Specifically,

industrial water with a turbidity of 2 and conductivity of 20
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of pressure of 0.75 Moa, concentrate water flow rate of
2.7 nB/hour (in the first stage), water tenperature of
25C, and 50 feed water pH of 7.0. Flushing operations
(flushing Al, A2, B1l, and B2) were carried out under
the conditions of the flushing water flowrate of 8.0
nB8/ hour and water tenperature of 250C. TABLE 3

NoPr ocess stepHol di'ng a3b30Me3fghijkrn tinme 1Water

msﬁg &89 %érggﬁleﬂrréﬂgiﬂﬂéﬁ%%etaﬁﬁdéé? %%Altegl water

wa§e§u§ﬁlé‘§ hwaaéééobf eg ngéﬁltf&nﬁ e S5E4 B 1 99
B230 see 9Water collection R12 hr AOOAO 10Pressu

corifé £36£1 B} C LV {INIO A nbHNtUINANY rA/eP s 26 0d 25 | HéhbP¥ne
A260 see 13Fl ushing Bl 60 see 14Fl ushi ng B260 see

mod®ht Us iheg s e e kO ihisii g A2 seq @M ). Bl ank.
val ve closed, 0. valve full open, A valve open to
Compasative Exampps opri ate pressure 10 Exanple 8

Industrial water was treated in the same manner as in
Example 1 except that the following operating conditions were
applied. Specifically, industrial water with a turbidity of
2 and conductivity of 20 mS/m was directly treated by a
conventional method using a commercially available
conventional reverse osmosis membrane module without using
pretreatment. The results are shown in Tables 1 and 2. 1In the
experiment of Comparative Example 2, since the differential
pressure reached too high a level to obtain permeate water, the
operation was stopped at about 800 hours after initiation of
operation.

(Operating conditions)

Pressure: 0.75 Mpa, concentrate water flow rate: 2.7
m’/hour, water temperature: 25°C, pH of feed water: 7.0.
Flushing operation in the forward direction was carried out
every 8 hours by suspending feed water treatment, fully opening
valve c installed in the first branched pipe 151 for concentrate
water discharge, jetting feed water to the reverse osmosis
membrane module in an amount three times the feed water feed
rate in the permeation processing, and discharging flushing

waste water from the concentrate water discharge pipe.

48




A 2,000 hour long-range run was carried out under the
sane operating conditions as in Exanple 7, except that
air was jetted to make the volunme ratio of air to
water 1: 1 during each 15 flushing A, A2, Bl, or B2.
The results of perfornmance eval uations of the
separati on nenbrane nodule are shown in Tables 8 and
9. Exanmple 9 A2, 0 0 O hour permanent run was carried
out under the same 51 oppggignp conditions as in
Exanpl e 7, except that feed water was intermttently

supplied, i.e. a conbination of feed wat er suppl y at
25C 1 OT B G fHFU e IR EST parhEatNg 2 R}
repeateq,,esg;},%t £ the, Gentm H]OUS su pI e ea Sfte
- wat er at[Ma@C The feed vvater at 50C wa ed By
heat i ng vva 4 ng el | e resuf
i of pprfnr e /é\?cﬁ;ﬂll (nqlnﬂﬁ"’ th?@ggﬁr tiwnlal”m 1078 ghr
Examptbul e |ar 8.02¢iown i0036ablles 20 and 9 15Exanpl .300 The 0.45
Z[ 0 ouf ' pog-Tange arr T unde
Exaﬁ-%ﬂ;te%p Qnggzbrjnn It(f(pi F: g ?\6 FY?urmI A% 23((‘2%#5 at 6'42

Exafrpled3 wat €0.020 @ [@r035f 4.0 2@ s suppl17ed insosad df feael

Ex?%!eei at 20964 o 70‘ 5 reedz(yvat qr a_t17a pH Ohsé. 0] V\IZ':ISO-39

ng wdrnrhlnrlr aci-d-to
Examptecy . Th@02@su|l t 9.088 per f o2rancle evi@l uati oAs80 of| t H&38

atl 1 oao?&rfblr arbeoéaodul e e showréol n ablo% andog3

Sahle hnlr !Onn r nna [Tl

Conmpesative 10086 (car928d (;ut %ther th@0sank cORditi onsoféi%
ExaHﬂleﬁxa le 7, except that 50 ng/1l of a dispersant
b inar gdinar oo AN 200 EC T 2PN ST £l by Ar

CA £
\lw PerS$perSe viorouu frampaact ot OYy—AFg6 Set+-entife

Comparativems @&88%d tto i ndus{ri a® watler with h 26-3Purfidity

Exafple? and conductivity of 20 nS/m The repults of
perfortanceevatuations of the—separationrnenbrarne
nodul e are

TABLE 2
3]
Results of naked eye cbservation of feed water passage after
2,000 hours
Example 1 Turbid materials are slightly attached.
Exarnple 2 Turbid materials are slightly attached.
Example 3 Turbid materials are very slightly attached.
Example 4 Turbid materials are very slightly attached.
Example 5 Turbid materials are very slightly attached.

Example 6 (front RO) Almost no turbid materials are attached.

Example 6 (rear RO) No turbid materials are attached.

Comparative Example 1 | Almost no turbid materials are attached.

Comparative Example 2 | Turbid materials entirely blocks the feed water passage.

Example 7

Industrial water with a turbidity of 2 and conductivity

of 20 mS/m was treated in a 2,000 hour permanent run under the
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shown in Tables 8 and 9. Conparative Exanple 3

I ndustrial water was treated in the same manner as in

25 Exanple 7, except that a known ultrafiltration

menbrane apparatus for pretreatnment was installed in

the front end and only the water collection step of

Table 4 was carried out. 52 Specifically, industria

water with a turbidity of 2 and conductivity of 20
foBOMING D el iG] EBnA iR t 18 h -
oTRMHAG AR 3y EBodi EABHES: 1B s UL 128830k Fepara ion
nelBEARE Abdt% R Yk RIRYR SEP@;%* 10" Awn in Fi

apparafﬁ%iin 5 whi ch conneFC|a Iylg@gfﬁggFe n in Flgure

7. CAYEPhT 202bn FRAMTANOILIBID hale ng BHLBE$nah @ leiitefs-10
in tw stages. The results are shown in Tables 8 and

(m&nufdBidrd B MNafio grmkes cepidal)dwighadbdeBdseRl bbb kfater
time 1Water coll ection2000 hr*"A* AN (Note) Bl ank: valve
spades ednndat ver datdumpens dsed dhvich®pan thic sphgecs éher&hion
appropriate pressure Conparative Exanple 4 15

menmbchrse rappha vt es . wRertfioeataade ot thes saparanrien aembrane
Exanpl e 7 except that the follow ng operating

modwlrli waorevakyatedigpy inehs8pioyy filenldif ferehusial gpressure
water wth a turbidity of 2 and conductivity of 20

(MRary m Whes amount |gf (pesmeat oywat e nidoMinhal andt gl

wi t hout, pretreatment, but using a 20 multi-stage
condugl Bt High o HBE R ¥Aken AmAfneat wmnegamlwtage
of %\faaeirlaatt}.lo% %%gvggti:)&‘% hsoe J:aSr 61‘: ie%réar%%rgc}:r %r%ethe first stage
separation membrane module. After the 2,000 hour operation,
the first stage separation membrane module was dismantled to
observe conditions of turbid material adhesion to the feed water
passage. The results of measurements in the first stage
separation membrane module are shown in Tables 8. The results
of naked eye observation of the feed water passage (the part
in which the feed water spacer exists in the separation membrane
element) in the first stage separation membrane module are shown
in Tables 9. These remarks also apply to results of Examples
8-12 and Comparative Examples 3-5 in Tables 8 and 9.
(Operating conditions)

Valves were opened and closed according to the process

steps shown in Table 3, wherein steps No. 1 to No. 16 making
up one cycle to be repeated are shown. Permeation operation

(water collections A and B) was carried out under the conditions

of pressure of 0.75 Mpa, concentrate water flow rate of 2.7

m’/hour (in the first stage), water temperature of 25°C, and
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nodul es are layered in two stages. The results are
shown in Tables 8 and 9. In the experinment of
Conparative Exanple 4, since the differential pressure
reached too high a level to 25 obtain perneate water at
about 800 hours after initiation of operation, the
operation was stopped. (Operating conditions) 53
Pressure: 0.75 Mda, concentrate water flow rate:

£ed®Pr IS 1 YPCrILUhEng28herREL Bsfﬁgﬂugﬁiﬁgrocéss

Val ves re opened an accordi ng
B1 SfaﬁBSB:_SPQ%e' dhrr P Bul us €h8 eIt ildrs df 2 N.Jusﬁmg

maki ng up one cycle to 5 be repeated are shown. TAB

wa e NI O£ 8%t & o3P 8QI0dinP h &\3b 3md 3adfeah |ﬂe‘ﬁ@etﬁa'f%rleV\6tfeQ 5°C.
col l ecti on8 hr"A*AN 2FI ushi ng60 sec”*~" (Note) Bl ank:
val ve cl osed, ”~: wvalve full open, A valve open to
prescri be an appropri at e]EA‘glgﬂggessure Exanpl e 12
Industrial water with a Ity of 2 and conductivity
of 20 nS/ mwas treated in a 2, 000 hour |ong-range run

No [PGedsssieg 15 [THuidingM &50] BEERT b JeS ORIl dmS [USTNG Px [ m
Tul ti - st age sepiadeat | on penprane appar atjus |of whiich | he

1 §Water ebliagicam |[si2shownml h F aute |38 [Per{f@rimanca jof | e

2 beeadudd icRassnbinase Pl e[ A0 whm [ag/mdied Ay (]

3 maswhgiB1g t he |dofskerent{ W { premlre[(Mpa),[ tHe Janount

4  DPFlugmtigB?at € wetedrse€ 1/ m Q) [ @hd the ¢onduct|imifty [ofd [ he

5 PRlugmigraat e wdteerseé Ol ) hW {he[iniltidl dtade of ]

6 DRedhiigiaen and [ab se2, OMO] holir s| whereaf t ¢rldf t[ham [first

7 _SkaghgEapar at i|@o seenbr apm (]

8 | Flushing B2 30 sec | BN [_|

9 | Water collectionB | 12 hr [ | AR || AR

10 [ Pressure release B | 10 sec | A BB | AR

11 | Flushing A1 60sec | @ [ | |

12 { Flushing A2 60sec | W [ | [ | |

18 | Flushing B1 60 sec | [

14 | Flushing B2 60 sec H N [ [ |

15 | Flushing A1 30sec | W [ [

16 ! Flushing A2 30sec | B B | | ||

{Note) Blank: valve closed, ll: valve full open, A: valve open to prescribe an appropriate

pressure

Example 8

A 2,000 hour long-range run was carried out under the
same operating conditions as in Example 7, except that air was
jetted to make the volume ratio of air to water 1:1 during each
flushing Al, A2, B1l, or B2. The results of performance
evaluations of the separation membrane module are shown in
Tables 8 and 9.

Example 9

A 2,000 hour permanent run was carried out under the same
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nodul e. After the 2,000 hour operation, the first stage

separati on nenbrane nodul e 20a was dismantled to

observe conditions of turbid material adhesion to the

feed water passage. 25 The results of neasurenent are

shown in Table 8 and the results of naked eye

observation of the feed water passage are shown 54 in

Table 9. (Operating conditions) Val ves were opened and

j 0 S, St 0 in_Tahl e

opgraGfio draRLfLighq ad I BOREETR, 74 BRESBRC Rt oRes Brper

& 0 PG MPPSA ARG AR o IqWY, ReEmeatd anar ' t
wacoIIection A aﬁg B) "were cgr%ie§<%ﬁ?xhn é?higgﬁfggﬂ'ﬁéter

supPl§li dt oIxPc §brPH8SRBLLsO0AnE: FfEedRiat et ?ﬁi}fﬁq; ad 80°C was

water flowrate (at the final stage) o 4 "n8/ hour,
rep@ieéd | efbeeadus £thk othft iivhd 86fpl yifefeddiwalt et &k 25°C.

Fl ushi ng operations (flushing A, A2, Bl, and 10 B2)
Theefeed afdter auts0fodeast bbtadnddt bonseat ihhefébdshat@r at

water flow rate of 8.0 nB/hour and water tenperature
25%f udS5@g &5 hedteY\" Thé rasilts of\Perfdfahcé &NdTuatfons

, T
of the separation membrane module are shown in Tables 8 and 9.

Example 10

The same 2,000 hour long-range run was carried out under
the same conditions as in Example 7, except that feed water at
a pH of 4.0 was supplied instead of feed water at a pH of 7.0.
Feed water at a pH of 4.0 was obtained by adding hydrochloric
acid to the feed water. The results of performance evaluations
of the separation membrane module are shown in Tables 8 and 9.
Example 11

The same 2,000 hour long-range run as in Example 1 was
carried out under the same conditions as in Example 7, except
that 50 mg/1 of a dispersant (Hypersperse MSI300 manufactured
by Argo Scientific Co.) was added to industrial water with a
turbidity of 2 and conductivity of 20 mS/m. The results of
performance evaluations of the separation membrane module are
shown in Tables 8 and 9.
Comparative Example 3

Industrial water was treated in the same manner as in
Example 7, except that a known ultrafiltration membrane

apparatus for pretreatment was installed in the front end and

only the water collection step of Table 4 was carried out.
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Specifically, industrial water with a turbidity of 2 and
conductivity of 20 mS/m was treated in a pretreatment unit and
the pretreated water was further treated by a conventional
method using a multi-stage separation membrane apparatus in
which commercially available conventional separation membrane
modules are layered in two stages. The results are shown in

Tables 8 and 9.

TABLE 4
No | Process step Holding a3 | b3 | c3(d3]|e3(Ff |g|h|i]|]j|lk|m
time
1 | Water collection | 2000hr | I A [ | [ | A [ |

(Note} Blank: valve closed, Il valve full open, A:valve open to prescribe an appropriate

pressure

Comparative Example 4

Industrial water was treated in the same manner as in
Example 7 except that the following operating conditions were
applied. Specifically, industrial water with a turbidity of
2 and conductivity of 20 mS/m was directly treated by a
conventional method without pretreatment, but using a
multi-stage separation membrane apparatus in which
commercially available conventional separation membrane
modules are layered in two stages. The results are shown in
Tables B and 9. In the experiment of Comparative Example 4,
since the differential pressure reached too high a level to
obtain permeate water at about 800 hours after initiation of

operation, the operation was stopped.

(Operating conditions)
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Zr CVC) V10( D, CDOLrrrrrrr Conparative Exanple 5

I ndustrial water was treated in the sane manner as in
Exanpl e 12 except that the foll ow ng operating
conditions were applied. Specifically, industrial

water with a turbidity of 5 2 and conductivity of 20

S/ mppassdi-kechl Yy {11886558ﬂcg}it§at809¥?8£' ?maiq pEtaed; 5

Wi t hout pretr eat rren but
m’® R a&aear@mr@raeaﬁ@aﬁws?ﬁr&yt@ed M&é&l HL8E valves

conner0|ally avai | abl e conventional separation menbr ane
wer®Gfedfed bl EloSed rfttord B tanfh8Prddbss rs%%rpssﬁﬁgﬁn in
The 10 results are shown in Tables and 9. Inthe
Taleke s, mtidredin stepsanati Yeakk anpl @ makingcapt BRe cycle to
differential pressure reached too high a level to
be aepeatedramatshovat er, the operation was stopped at
about 800 hours after initiation of operation.
(Operating conditions) 15 Pressure: 0.75 Ma,
concentrate water flow rpigig 45 4 nB/ hour,

No | Process step Holding |a3 {b3 [(c3 jd3 &3 | f | g | h | i jl kjim
time

1 | Water collection 8 hr [ ] A || | | A ||

2 | Flushing 60sec | A | ] |

(Note) Blank: valve closed, IR: valve full open, A: valve open to prescribe an appropriate

pressure

Example 12

Industrial water with a turbidity of 2 and conductivity
of 20 mS/m was treated in a 2,000 hour long-range run under the
following operating conditions using a multi-stage separation
membrane apparatus of which the flow diagram is shown in Figure
3. Performance of the separation membrane module 20a was
evaluated by measuring the differential pressure (MPa), the
amount of permeate water (1/min), and the conductivity of the
permeate water (mS/m) at the initial stage of operation and at
2,000 hours thereafter of the first stage separation membrane
module. After the 2,000 hour operation, the first stage
separation membrane module 20a was dismantled to observe
conditions of turbid material adhesion to the feed water passage.
The results of measurement are shown in Table 8 and the results

of naked eye observation of the feed water passage are shown

o4




wat er tenperature: 25C, pH of feed water: 7.0. Val ves
were opened and cl osed according to the process steps
shown in Table 7, wherein steps No. 1 and No. 2 making
up one cycle to be repeated are shown. 57 E CD a) a) N
aN) Q ~rrnNMAMNMLCONMNNAANMNNMND Q N O

in Table 9.
(Operating conditions)
Valves were opened and closed according to the process
steps shown in Table 6, wherein steps No. 1 to No. 16 making
: 5 up one cycle to be repeated are shown. Permeation operations
(water collection A and B) were carried out under the conditions
of pressure of 0.75 Mpa, a concentrate water flow rate (at the
final stage) of 4.4 m’/hour, water temperature of 25°C, and feed
water pH of 7.0. Flushing operations (flushing Al, A2, Bl, and
10 B2) were carried out under the conditions of the flushing water

flow rate of 8.0 m’/hour and water temperature of 25°C.

515
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Comparative Example 5

Industrial water was treated in the same manner as in
Example 12 except that the following operating conditions were
applied. Specifically, industrial water with a turbidity of
2 and conductivity of 20 mS/m was directly processed by a
conventional method without pretreatment, but using a
multi-stage separation membrane apparatus provided with three
commercially available conventional separation membrane
modules, two in a front stage and one in a rear stage. The
results are shown in Tables 8 and 9. In the experiment of
Comparative Example 5, since the differential pressure reached
too high a level to obtain permeate water, the operation was
stopped at about B00 hours after initiation of operation.
(Operating conditions)
Pressure: 0.75 Mpa, concentrate water flow rate: 4.4 m*/hour,
water temperature: 25°C, pH of feed water: 7.0. Valves were
opened and closed according to the process steps shown in Table

7, wherein steps No. 1 and No. 2 making up one cycle to be repeated

are shown.
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a) m4l 2 Q7 tit aaaaaa | In Exanples 1-6 using a

si ngl e-stage separati on nenbrane apparatus and
Exanpl es 7-12 using a nulti-stage separation nenbrane
apparatus, there was al nbst no increase in the
differential pressure and no decrease in the anount of
water 5 perneated, and quality of the perneate water
was high. Although the results of perfornance

eval ual £RBnBLEE" % Q00 WESnlILNBe oS AR i nBhbrane

Conpar ative Exanple 1 a
appaFRanat hua EﬁﬁﬁgQEhV$LY2tﬁsEH8 5eﬁuh£§-9£a§éaggég§a%;§n

and Exanple 7-1 t hese apparatuses were prov

membifnpr appaebhts] Ynktet Wabk AEMYLECRO0AMNnE¥EABe in the
installation area and installation cost. The apparatus

diffefenphabt pressxrapird Znd tedie M eheValbuhftCofr water
appar at uses of Exanples 1-5, the apparatus of
peOoephed; ianel gxahpte of the permeapanad ey wdis high. Although
apparatuses of Exanples 7-11, and the apparatus of
thegrgrirkis W prafprmabceSeval bat tonpafiser 8 ,t000 heurs using
apparatus of Exanple 12 suffered from so serious
theiapranadiis off Compagativer Fxapplaal art Comparaft iwat 8rwere
er neati on drq&ged to zero in about 800 hours. The
co FuiVe IeFPEXERPELY 6t othe kovpbiedofExmampbes 1-6 and
a rat us. of Conparative Exanple 1 exhjbited excellent
Exﬁgﬁf%%ﬁ%e "a‘h%sn‘gp%?%i”é%lt‘é‘f‘e% Yehe RYPREAed wNBUSTRI AL
pré%?ggé%g%éJdgﬁt that requires an extra installation area and
installation cost. The apparatus of Comparative Example 2 to
be compared with the apparatuses of Examples 1-5, the apparatus
of Comparative Example 4 to be compared with the apparatuses
of Examples 7-11, and the apparatus of Comparative Example 5
to be compared with the apparatus of Example 12 suffered from
so serious attachment of turbid materials that the rate of water
permeation dropped to zero in about 800 hours. The apparatus
of Example 6 to be compared with the apparatus of Comparative
Example 1 exhibited excellent performance and operated at a low

cost.

INDUSTRIAL APPLICABILITY

The operating method of the separation membrane module
of the present invention ensures easy dislodgment and complete
elimination of turbid materials accumulated in intersection
areas of the feed water spacer, without a problem of a decrease

in the flushing flow rate that can occur in a low pressure or
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The operating nmethod of the separation nmenbrane nodul e
of the present invention ensures easy dislodgnent and
conplete 25 elimnation of turbid materials

accunul ated in intersection areas of the feed water
spacer, w thout a problemof a decrease in the
flushing flow rate that can occur in a | ow pressure or
60 | ultra-low pressure reverse osnosi s nenbrane

ul@PQyiS ﬁPe Qﬂgét£8995§£08¥ﬁ gé ﬁgﬁb¥ ge og?l%auéphg

ane

adahelsmpéfégefeo&ffeﬂé avafvegem%ﬁgdggflmé&?e NEQPLANg s ide

surfacé fo be released due to a bac pressure crea

briA§EtABs &t ya@fé@feé@%flc%wﬁgofthteheom L¥€Son B@efsﬁxants

increasing the effect of flushing operation. Releasing
depdeiPe@ssitheOnemBeaheesuMBics /PRl ¥e3bd8edEBE€ASLY back
the pressure that presses the nenbrane surface and
PreasiGes dieat ¢tk immrdd atld1ghkify eirot he (It d @9 oM ele valves,
whereby turbid materials 10 accunul ated on the nenbrane
therebpcenancad trg v eef Spacesf af Pusichngespépationt . The
separati on nmenbrane apparatus of the present invention
Releasing tiee pabosarepen dthenderdt e siupply sidepllecreases
apparatus. 61 CLAIMS | 1. A nethod for operating a
the queasauish thetoparesasduhe newmane isvg facspiand causes the
nmenbrane el ement of the type in which a 5 envel oped
merkinne Sildghidabkahecome dopsenedatdierghit urkid naterials

e ex ernal circunference of a perneate water
ac‘é‘b‘!“w@i?‘ﬂ m?ﬂ%’fﬂﬁ?h%r%%%rqnﬂ ﬁgeerdeyaﬂisﬂ ypPaFer are

cal%%écfgrgl aﬁp%?%{e rS| na fI ow dI! r%ctel %rf)p%fraft%esd ovptt%re

present invention ensures the above operating method using a

simple apparatus.
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10 2. The nethod according to claim1l1l, wherein a
flushing operation is carried out two or nore tines
alternately in either of the flow directions when the
feed water flow direction is reversed. 15 3. The

met hod according to claim2, wherein a first flushing
operation is carried out in the direction reverse to
the direction of feed water i medi ately before the
flushing operation. 20 thod for operating a
separ ati on menbrane nnduﬁgdéggﬁprising a spiral

menbr ane el enent of the type in which a envel oped
separation nmenbrane and a feed water spacer are wound
ar ourd r r t

25 cor AcReERoT B0 GG RL 3 Sepr oL iRE! BEAbTAHE fhaue

cohipH$8i ng a°9§i§5l°ﬁémbkﬂn$héf?ﬂéﬂ€ 6fr§ﬂefffgg'ﬂﬂ whlch a

operatlon is carried out in e direction verse

en{réfoﬁed edpaya tiforf fefbraheraf? al feed waitelyshetor %ﬂé"ﬁound
flushing operation. 5. The nethod according to any one

arofind| sheseXtédndl cibeurioreatyest 08 pEEMEREERABeat er
side are entirely closed 5 during the flushing
cobpectingpipe, fiemethbddtagumigimpreéquaaylona bfregalasly
2 to 5 wherein the pressure on the feed water supply
revereing the chbew diadtipn lof flegshivageopénathensepdrition
A nethod for operating a multi-stage separation
mempRBRe BORBHEl e conprising a front separation nenbrane
nodul e or a group of front separation nmenbrane
nodul es, each separation

2. The method according to claim 1, wherein a flushing
operation is carried out two or more times alternately in either
of the flow directions when the feed water flow direction is

reversed.

3. The method according to claim 2, wherein a first
flushing operation is carried out in the direction reverse to
the direction of feed water immediately before the flushing

operation.

4. A method for operating a separation membrane module
comprising a spiral membrane element of the type in which a
enveloped separation membrane and a feed water spacer are wound
around the external circumference of a permeate water
collecting pipe, the method comprising one or more flushing

operations, in which the first flushing operation is carried

out in the direction reverse to the direction of feed water
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menbr ane nodul e havi ng one spiral nenbrane el enent or
two or 15 nore spiral nenbrane el enents arranged in
parallel and a rear separation menbrane nodul e or a
group of rear separation nenbrane nodul es, each

separ ati on nmenbrane nodul e having one spiral nenbrane
el ement or two or nore spiral nenbrane el enents
arranged in parallel, wherein interstage concentrate

infBhFAcLE AT Io hLOBL SRS P A ane ol ¢ o

sequentially supplied to the rear separation nenbrane
nodul e of the group of rear separation nenbrane

modukes rhenfeFBbROY cE8F Rl h '@8 QRS' Bhng £t RE aGHBAKALLO
menbr ane nod& I es mhFIe régé larly g Prregu a?ﬁﬁe Zskb 1,

whé£¥ R swmé&%x{ end g@méafcé%@éf eéatdéalareSemT.E%eﬁ!?_t 898seq
according to claim wherein a flushing 63 operation

dur $ngathe el OshihgOoperapionti mes alternately in either
of the flow directions when the feed water fl ow

directionis reversed. 5 9. The nethod according to
claim8, wherein a first flushing operation is carried
out bm The detbotdi sncordéngetboanyhendi ofctilenmsf 2f €eds,
wat er inmedi ately before the flushing operation. 10
whapein tha psessoreoperthe fged water -suppky sdte asi paleased
menbrane nodul e conprising a front separation nenbrane
durdpg | he of Lushirg PRETI¥ B - separ ati on nenbr ane
nodul es, each front separation nenbrane nodul e havi ng
one spiral menbrane elenent or two or nore spira

eS8 SLERRB! EoE HERCFE:AD RRFLES. iipafeBaEseior
SRR R A R

or %‘g&acﬂpeﬁ? rﬁrhoz;ﬁﬂeééﬁ?ﬁ%fg@ %@b@a%@%&uféé apdefl ddparation
membrane module having one spiral membrane element or two or
more spiral membrane elements arranged in parallel and a rear
separation membrane module or a group of rear separation
membrane modules, each separation membrane module having one
spiral membrane element or two or more spiral membrane elements
arranged in parallel, wherein interstage concentrate water from
the front separation membrane module or the group of front
separation membrane modules is sequentially supplied to the
rear separation membrane module of the group of rear separation
membrane modules, the method comprising operating the

separation membrane modules while regqularly or irregularly

reversing the feed water flow direction.

8. The method according to claim 7, wherein a flushing
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concentrate water fromthe front separati on nmenbrane
nodul e or 20 the group of front separation nenbrane
nodul es is sequentially supplied to the rear
separati on nmenbrane nodul e or the group of rear

separ ati on nmenbrane nodul es, the nmethod conprising one
or nore flushing operations, in which the first
flushing operation is carried out in the direction

1.0 . ir [ f_1 ' i at el
opGEFELSR i FELET o 68 eEindre aRR e Bt SR HEE R 3 e L emer
ot AR AR d10 A ME WerC WM elal fatlr £106 &t PeXBlYRS:S

on the perneate water side are entirely close %urlng
revédesddqushing operation. 5 12. The nethod according to
any one of clainms 8 to 11, wherein the pressure on the
feed water supply side is released during the flushing
operation. 13. The nethod according to any one of
cl ai 5 ShkoméfhodlQcwbeaehy tbecihighdnowheeeahi anfisst
carried out for the separation nenbrane nodule in each
flwdlaiey @pdrat ieaci sgecanpiel dilve ivepdeatiioecti®nbraverse to
nodul es. 14. A separation nmenbrane apparatus having a
thd idbtedeon df fieed rwatgepl immpedia ool dut fore alieefllushing
wat er supply punmp with a first valve, a second feed
opgEaterouppl y pi pe connecting the first valve with a
separation menbrane nodul e, the separation nmenbrane
nodul e, a perneate water discharge pipe joined to the

er te_ wate i de of the separation, menbrane nodul e,
P G 5 B Fhod| Br CopbEetien o mulhiTERata Sebonat on

menfShaife e kb ab= B1ARCE Hh DB eb Lo B BRgp moaure
or 3§ Pficuid € Mk LUK et B o RGPSt Hfont
seﬁlzdw{tﬁﬂ mRnR S meia EBaR G Dy Y8R ralem¥RbBhne element

nched from
or two or more spiral membrane elements arranged in parallel

and a rear separation membrane module or a group of rear
separation membrane modules, each rear separation membrane
module having one spiral membrane element or two or more spiral
membrane elements arranged in parallel, wherein interstage
concentrate water from the front separation membrane module or
the group of front separation membrane modules is sequentially
supplied to the rear separation membrane mocdule or the group
of rear separation membrane modules, the method comprising one
or more flushing operations, in which the first flushing
operation is carried out in the direction reverse to the
direction of feed water immediately before the flushing

operation.

64
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25 the second feed water supply pipe for discharging
concentrate water when the flow direction of feed
water is reversed. 65 15. A nmulti-stage separation
menbr ane apparatus, wherein interstage concentrate
water from a separation nenbrane nodule of a front
separati on nenbrane apparatus or a front separation
menbrane apparatus group is sequentially supplied to

' . modul f [
e Ano e hPRoAoARE 505, RCH Sl 5 J3RERTH' 28 10,
whéPE#) Al S, & %Lfﬁthe\'\gsm{agg%r\?a %?&'Aﬁf& ngngﬂ?Eggfy closed

apparatus or the separa nme ne apparatuses

' t j rane apparatus group have a
uf 217, s LIE,SR0R8 00 R

y plIpe connected to a first 10
val ve, a second feed water supply pipe connecting the
first valve with a separation nmenbrane nodul e, the

separali ohe METh6ANECHPEI Ry b RATYRAMEE oWateh ifisSehapTel ,
pipe joined to the perneate water side of the

wheepid atHeopresgnranen ralthiifeedawhtow suppBeisile is released

conversion pipe having a second valve and joined to 15
dur bmg f thet f Ieshlingt epesapipdy. pi pe on the concentrate

wat er discharge side of the separation nenbrane

nodul e, a first concentrate water discharge pipe

joined to the flow direction conversion pipe_ and

havi h§- aThfi pethed \according dx @Y ongneéneladmsyBiee 12,

di scharge_pi pe, branched, fromthe second feed 20 water .
wh >t,h%i %‘Iél q@gpﬁ@téopdﬁ@ﬁn&%@@gg%@or the separation

membrane module in each stage or for each group of the separation

membrane modules.

14. A separation membrane apparatus having a first feed
water supply pipe connecting a feed water supply pump with a
first valve, a second feed water supply pipe connecting the
first valve with a separation membrane module, the separation
membrane module, a permeate water discharge pipe joined to the
permeate water side of the separation membrane module, a flow
direction conversion pipe having a second valve and a first
branched pipe for discharging concentrate water connecting the
first feed water supply pipe with the concentrate water
discharge side of the separation membrane module, and a second
branched pipe for discharging concentrate water branched from

the second feed water supply pipe for discharging concentrate

water when the flow direction of feed water is reversed.
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15. Amulti-stage separation membrane apparatus, wherein
interstage concentrate water from a separation membrane module
of a front separation membrane apparatus or a front separation
membrane apparatus group is sequentially supplied to the
separation membrane module of a rear separation membrane
apparatus or a rear separation membrane apparatus group,
wherein the separation membrane apparatus or the separation
membrane apparatuses forming the separation membrane apparatus
group have a first feed water supply pipe connected to a first
valve, a second feed water supply pipe connecting the first
valve with a separation membrane module, the separation
membrane module, a permeate water discharge pipe joined to the
permeate water side of the separation membrane module, a flow
direction conversion pipe having a second valve and joined to
the first feed water supply pipe on the concentrate water
discharge side of the separation membrane module, a first
concentrate water discharge pipe joined to the flow direction
conversion pipe and having a third valve, and a second

concentrate water discharge pipe branched from the second feed

water supply pipe and having a fourth valve.






