; e3eNLL, 6TNnz\ DESCRI PTI ON SPI RAL MEMBRANE ELEMENT, REVERSE OSMOSI S
MENBRANE MODULE, AND REVERSE OSMOSI S. MEMBRANE APPARATUS 5 TECHNI CAL Fl ELD
The present invention relates to a spiral menbrane el ement AN\ \mm\m lﬁmﬂumm S
menbrane nodul €) and reverse osnosis nenbrane apparatus th
feed water in a stable 10 manner for a | ong period of tine W t hspiiso
pretreating the feed water even if the feed water is highly turbid water
such as industrial water. BACKGROUND ART 15 COnventlonaIIy)mmmummumwmmm for
desal i nati ng seawater or for obtalnln%gﬁ!gp purity water an
manuf act uri ng process water, paratlng i ons and | owoonoed ecul ar

wei ght conpounds from f eed mater using a spiral nmenbrane elenent in which a
reverse osnosi s nenbrane (RO nenbrane) or a nano 20 filtration nenbrane ( NF

Eerrbrang% s:gs used al\is a Eer neabl e nsﬁr}rj{,% t ,qu d nb
i gure Iaviv it %m% n as an enve ope rre rane
93 forned from sheets_of a 9 avi ng a reverse

: 15 gg&gﬁ égpﬁ’éguryﬁﬁﬁﬁﬁﬁ @}Fﬁﬁﬁ‘?ua g

osnosi s nmenbrane 91 NByEF aces, osing off 25 three sides
of the perneate water spacer 92, thereby fornlng envel oped nenbrane 93. The
open 8i de of t he enveloped menbrane 93 is attached to a perneate water
col l ecti 5he 1 envel oped nenbrane being spirally wound
around t ernal C|rcunference of the perneate water collecting pipe 94

t oget her Wlth a.ﬁﬂgt %ﬁ@dlmgﬁglggaggiaegs feed wpiealIembrsupplied from
one end 9a of t |ra menbrane el enent 90, flows along 5 the feed water

spacer 95, a0 i s iesGhanand shcomehbeant hesawng ahdokevhessppsmbshenbr ane
el enent 9 as concentrate water 98. Wiile flow ng al ong the teed water

spacer 95,ediheaf et ¥et £fu 96 PLE Nneat esr sdevughe ¢hewa ever s dsabaP e nenbr ane
91. The perneate water 97 flows al ong the perneate water spacer 92 into 10
the per memd en¥atEsr ecolbast bagipipef gmlmdmtéwdlﬁs@ﬁ&rt@’@&tflln@ tPRef8RY of the
perneate water collecting pipe 94 . In this manner) a_f wat er, passage is
f ormed bywd ber f eednwaf ethepheed 96t9¥OV$d%ﬁﬁ%k%mE%ﬁbh%u%ﬁtﬁﬁv%FSpeﬁs
menbranes 93. When desal i nati ng seawat er or producing high purity 15 water
or processngvaserifdbrvgbe¥ous manufacturing processes using such a spiral
menbrane el enent, feed water is pretreated for the purpose of elimnating
turbidity and the | i ke. The feed water spacer in the spiral nenbrane
el ement has a snal

BACKGROUND ART

15 Conventionally, as a method for desalinating seawater
or for obtaining high purity water and various manufacturing
process water, a method of separating ions and low molecular
weightcompoundsfromfeedwaterusingzaspiralmembraneelement
in which a reverse osmosis membrane (RO membrane) oY a nano

20 filtration membrane (NF membrane) is used as a permeable
membrane has been known. As shown in Figure 9, a conventional
spiralmembraneelementhasanlenvelopedmembrane93 formed from
sheets of permeate water spacer 92, each having a reverse
osmosis membrane 91 layered on both surfaces, by closing off

25 three sides of the permeate water spacer 92, thereby forming

enveloped membrane 93. The open side of the enveloped membrane

93 is attached to a permeate water collecting pipe 94 and the



| thickness (usually 1 mmor less) to provide the feed water with 20 as

| arge an area in which the feed water cones in contact with the reverse
osnosi s nenbrane as possible) while ensuring the required feed water
passage. This design allows turbid materials in the feed water to be
accunul ated in the feed water spacer, giving rise to clogging of the feed
wat er passage . The 25 pretreatnent is perforned in order to renpve the
turbid materials in the feed water to ensure a safe and | ong-term operation

by avoiding an increase in the pressure.drop due C Atged turbid
mat er i al nyRd CRES dieR§ T3 e Ofdade S’lprjrrtaﬁéyar‘ﬁ%lr?té gkgjuét?alt?}tcey o% the permeat e

water. A pretreatnent apparatus used faor el im | wdhidymterials
i ncl udes CHECHBEE TERGES PETLGR eé”sal%aerc%)gg}ﬁg%%?? %%ilbﬁq%%) cgjlnd nenbr ane,

5 which not only increase installation gost QReLat bpn; §asippibidg al so
require ¥3t¥r getfhsthiiehd B'S%aelreﬁpa?ggr%fbr (;F)%Qi?i1c a spi fal menbrane el ement
wth a structure fo voi di | at ] A hikkind BBt eriaghs addch can
ensur e af§ﬁWTPBFeﬁ?5ﬁ%% méggr ggggdgglg%la gbnveﬁtionally used thin feed
wat er 10 spacer .and. can I i g desald naty & firGneney egueyadedit to a
convent i cﬁ"fﬁ %ESSaV%FﬁE Sl%@%%\t/g}:%pgg) ?ndulstrié;ﬁrb wat er and tap water without
pretreat ent .cap b |} &b ASn & eethaters it asRebAEEhERREe Bathrad®pira
nenbraneq§1€§e§gec§%§§?gp ity t%e system and decrease the installation area
and oper a,i. . bl phRserkiangadarexpuesel yshi ghei hdedtwaber val ue.
On the o?ﬁ”‘q%qg' Jﬁéffbggﬁhethods for inproving the conventional feed

wat er spager, Sthdictdl e iofo iRt £ et e oy o dieesi propusean e o° br eVl

cl oggi ng of the feed water passage in the spiral nenbrane el enent due to
turbiyd ngl&ad Se whaRanes e 2vPallenty Wppliegatciadie YarF8r ofAr No 2 264247404

di scl oses a spiral nenbrane el enent using a feed mater,sg cer i.n_the form
of ajgeangdes igwrmer raigatted busldc tSuch pdPee8d a@fer SsPAEEPARAER H¥OM
meandering corrugated formis not practical, because not_onl.y. i} _|

di fficul tthoendlaf shetpermastiRiertAg Criasddted® HBard) bﬁ?%éa{"ggﬁfﬁére is
a every probability that the flow.n ssages W.l 1l .br d whgp the
corrugat ed b@@@dW$§e§pP?%ﬁ?%embﬁnE9g@§%a sgh?g%%%? %gg%fc§¥?85 Lai d- open
No. 9-299770 3_ _discloses a ngt s%gyctg%emgﬁggagégnyglrst w res and second
wires croesenidedchebyYRer, VarRBPefRVE FRE0 Water spacer is arranged so that
either the first_wires or.the.sec . L8S ok UR rbRulkanal helghwighit itdye

| ongi t udi nal diW@@Pigﬁsgﬂlpﬁgl%gr%%gF§%MHtgr rcoIIecting pi pe. Since the
feed water flowis St Shiabohbrandrpanal hehukactheihgngbtodenats

dire ionw%;efhgrpgghggte water col | ecting pipe) the feed water spacer of
this str US%&'E& SxHi B £51 8ah OMedl £55¢1eQ dresx ,afidedl Vvoner fiee g reirer ted 1 ow
at a high I'irnear velocity, making it difficult for turbid nateri%ls 10 to
accumul at g, HaEYREpobB eGSR 1 e awi ngs: tiixitd idneaphddent 1R -t hERBITEC i on
perpendi cular to the longitudinal direction of the perneate water

col | ect i ngapeps spatetrr upt thee sbéad lnaeaPrpasssdemenlr B fatEFial s

accunul ate in the wires and clog the feed water, passage, .
| thickness (usually 1nm90r less) to prov1£E§§u9§eed water with

20 as large an area in which the feed water comes in contact with

the reverse osmosis membrane as possible, while ensuring the

required feed water passage. This design allows turbid

materials in the feed water to be accumulated in the feed water

spacer, giving rise to clogging of the feed water passage. The

25 pretreatment is performed in oxder to remove the turbid

materials in the feed water to ensure a safe and long-term

operation by avoiding an increase in the pressure drop due to



15 Japanese Patent Application Laid-open No. 10-156152 discl oses a feed

wat er spacer formed fromw res running in a zigzag pattern froma feed
water inlet side Xto a feed water outlet side Y as shown in Figure 8. The
wires consist of first wires 81 running along the surface of a separating
menbrane 80, 20 one of the pair of opposing separating nenbranes, and
second wires 82 running along the surface of another separating nenbrane. A
wat er passage is forned respectively between the first wires that are
present in juxtaposition and between the second w res th re_present in

j uxt aposperbRulangd2suabid MFGEIL? 1éxPE d?"f’r@ﬁ%‘h@ i%r?lcét%taéi%dgnt c?%t%he

outlet side of the feed water_along the surface _of th I menbr ane.
Part of BREUR{r &R dafdeddddn®iwi s W&elagﬁ é”ta%gfb a%dsﬁggpgégﬁiﬂg are

bonded t here. Although cl oggi ng. of the wate {O i '
mat er i al §P@éﬁal§élssﬁﬁgfieggﬁoeg{fs’\9ﬂbatilﬁéq fgélgé \E/v‘éggiég%g%%&eao gl%jlrﬁl?%tsr ucture

better than using a conventional, grati acar, aghatd b e d eed
wat er neXPTiRE ST AT S8 Ve 15 ?%%h%israstcgg QZE\g%Béﬁ%V\%t%} Figure 8 Wil

continue tQ remain in spit - Nl f] 0 deoeh yateystst ream
cl ose® t o™ H&E’pP&trﬂ‘%?%nﬂlmg g% glgetga}c}r% %Vgrr{a%%%,t %3§%arrpl e. Because of
this, tutbid terli ccunul ate L hatiep. oveie et @y, pef iod of
tinme. 1053Iur1f Eni"S e Zer‘?e %mqﬁég%héquggggagggr spacers proposed heretofore,
the net stryctur n[[%% feifd anck 15 ec M these Masr corgigtisgr bendi ng
porti ons%ﬁjﬁ%t%%e rrFeee \%la(ét)eilépr‘qai%ge whi ch cause stagnation of feed water,
resul ti n%é,jc% My Abiropu £h 1 & Uk &k inAtewhakh @nd earsunece sl 1 ¢ ¢hie
pressure difference 15 through the nmenbrane el enent during long term
service. fHMS wOUWQRldanal et eahrentiohafiegduveterhéanfetdbea bttt ed.
The structure forned only fromstraight wires or alnpst straight wires
runniipg fopamer festl amat eniinledn si desebhaptiant ebfl GatRFY 1°HUt T2t 8t de i s
ideal fromthe viewpoint of formng a flow path 20 with .na bendin gorti ons
that can tenaucenserhilynél wprArd eyl lgadey el pBGRyeMIYTHE*@ d|‘“'f"‘1‘t|e(lfu?'fl to
industrially fabricate such a structure becguse thz.vvidrgg aLEqNQL L EpNNect ed
with the withere vir etk Lo I HigI SRt 5PEs &t *P'RYeAton " provi des a spiral

25 nenbrane el enment, reverse osnpsis _nenbrane , direv8rserReNDSI S
menbr ane HpBArAENRTEREt T hEt s%ﬁ’éﬁime&beratnt?r ?gg%l?ecraiﬁglg g)nd ?gn treat

feed water in a stahl e nanner . for | Obpkirae Wyt Beut,
pr et r eat i TP FER FHAOECTERST iHF %t ﬁ%g}:%ggg\t/vg?rér%%al %?]ghlf/) turbid water such

i ndustri al ter. 7 E pi4D vaeweof th
as industrial water %ﬁ%%ﬁ?%gglrgﬁell{ﬁdéw NIGEBEPidD va 0 e

abové?merlttbhedt &7 1 nventors of the present invention have
conduct ed extengivey,st udhes nARdd hesdbls hbenbasedbor $mpaeeifgundet hat in
a spiral nenbrane element of the type in which an envel oped separation
menbr ane gy, &, £ £66a Vot e6dspater apacew it arourd athgretiegnaetipave
circunference of a perneate water collecting pipe, accumul ati on of ,turbid
mat eri al spéén thieod @eeh vat ereveacerleanihe égltel feefppt e &R 5 THa f eed
waten is caused to flow straight bg designing the feed Ster Jgggg‘%r £SO that
Wi res ar etnetsrciross eémdndnsoebenan gl YhPst B R P Aitice " EGrbi a

materials in feed |5 water accunulate mainly jn inter Id ndi n
part 200f Patent Application Laid-open No. ééﬁiJhdJ’éﬁé%%%ééE“% %%QI g g
membrane element using a feed water spacer in the form of g

meandering corrugated board. guch a feed water spacer with a

meandering corrugated form is not practical because not only

it is difficult to mold such a meandering corrugated board, but
25 also there is a every probability that the flowing passages will
break down.when the corrugated board is spirally wound.

Japanese Patent Application Laid-open No. 9-299770



wires of the conventional feed water spacer. This find has led to the
conpletion of the present invention. Accordingly, the present invention (1)
provi des a spiral nenbrane el enent, in which an envel oped separation
menbrane is 20 wound around the external circunference of a perneate water
collecting pipe together with a feed water spacer, wherein the feed water
spacer is formed fromfirst wires and second wires, each neandering with a
gentle curve froma feed water inlet side toward a feed water outlet side,
the first wires run along one 25 of the opposing surfaces of the separating
nmenbr ane diere ofsierssa mwitr et andtuhe matdeef r o fdceit viresang FecePBAM N one of
the feed water passages, the second wires run along the ot her nenbrane 6
surface afrotlsd ngepacat oty erenthareinonel 88 oHd" WF r BPARHY the I W) acent
second wire formng the other feed water passage, .and the.first W res and
second wisoeshpaetityeaviehe &5 rand Hres BEIdAEdS Aot R¥ IGFS TP pPRP R HES. This
structure ensures that 5 feed water flows in _a space between wres

meander i vg tii tthea gt diiale AR E Fesf idtePTMIRR TSI 90 a feed water
outlet side along the nenbrane surface while %ﬁr)ltu{.L rregr%ig isntgré){ “owi ng
al nost  staodilgiftt iTEh@i ®kor eSIAERUTHA &GV DF ST LT BT *Faf el Tals" Th the feed
wat er passage can_be greatly contralled.. 10 The pre i i )

provi des a¥ePapdvee s ;i ‘éber?é’rﬂ?rlé?ﬂéhé’lagn‘éﬁ?c%%? &fn ]?%g)e'ﬁg]\aéﬁgteer‘?%aééhape
with a gentle curve has a reqgular. pattern w i ik, the
pattern KERALRS S 1%AtR P Of %W%I%?%%ew%?ro g vée%]lg#;gft ﬁtﬁﬁﬁ%%{%%%& D2-2 and

the nunber .of waves.of 1 PELs WM L83 aH Swd GUEd eaRRE 15 abbowst
sel ecti or?’ﬁ\‘lba"p (53‘prli°§’t ér%g%g%t gégwaccoradi ng to the intended application

and yse copdi iﬂ'}iseaf"@%ﬁ‘c’séxt?b%a@é‘ifrf’gcit%fi_ftffle:dlrtvgafit@rrbiisa easerdlwi th
certainty. The present 1 nvention (3) provides a reverse osnosis nenbrane

rTDduI18 qu'j RRed Mith & hepgheversphédduserdane rekenkat .arkhips esendr in
osnosi's 20 nmenbrane nodul e not only ensures the sanme effect as the above

i nvent i ong, e Rty & Sibral g emperaBisgu lancess the dowatendpnededsragtiani Pty and
can be installed in a process line as is. The present invention %4)

provi des @nhd Verhea os st sr neabl enel appaiae usn eeEt PPEJLIFt ReEReWabbYe
reverse osnosis nenbrane 25 nodul e. Wien desalinati ng seawat er. or tR;eoduci ng
hi gh purigysswder oriprboreseriateraeermyhd FBUS FBSuY AEEBrTHY orrdc&dSes
using the reverse osnosi s nmenbrane apparatus of the present 7 i nventi on)
feed wat efeed tWe heHhP2EFdPBity such as industrial water and tap water can

be supplied as feed water. to RO _nmenbran i t PLel keat ARt 5 ewier eby the
wat efl5t r eat ment J§9§P8ﬁlecgﬁ‘t8é‘tsiAF?B[rE?ﬂaéng: :I’Isaq?ing allation area can be

mnimzed, and its 5 P%)eéa‘“tpgr Cg}?gcecﬂ%%gﬁ%%d-wim FRYVEINSE dSNasi s

menbr ane ‘%\jp‘b‘élr%fﬁ% di-The present” 1 nvention thus represents an extrenely
high industrial BRIEF DESCR RELON Of1THEs DRAVK NGB al G efeidgwiegel is a

draw ng S?l%)%\ﬂz?l%% g%%lnwat er spacer in one enbodi nent of the present
inventionoutlet side Y as shown in Figure 8. The wires consist of first
wires 81 running along the surface of a separating membrane 80,
20 one of the pair of opposing separating membranes, and second
wires 82 running along the surface of another separating
membrane. A water passage is formed respectively between the
first wires that are present in juxtaposition and between the
second wires that are present in juxtaposition, and

25 continuously extends from the inlet side to the outlet side of

the feed water along the surface of the separating membrane.

part of the first and second wires overlap at 81b and 82a and



Figure 2 is a cross-sectional view) wherein (A) is a view along the line
A-A and (B) is a viewalong the line B-B of Figure 1. 15 Figure 3 is an
enl arged perspective view of part of the feed water spacer in Figure 1.
Figure 4 shows (A) first wires formng the feed water spacer and (B) second
wires formng the feed water spacer. Figure 5 is a draw ng, showing a feed
wat er spacer in 20 another enbodiment of the present invention. Figure 6 is
a drawi ng showing a structure of the reverse osnosis nenbrane nodule in one
enbodi ment of the present invention. Figure 7 is a drawi ng show ng a
reverse eamdicndmhtuhane 25Apbanatusl dogbne ehtidd M@ﬁterof)aﬁﬁégﬁrg‘é%nt
invention. Figure 8 is a drawi ng showi ng a conventional feed water spacer
\(/:\Ao'ﬁlh atglm?gmﬂmm irguratiohs Gan ¢ geverDeshohst P outPe nkeed water

ventional reverse osnpbsis nmenbrane nodul e. BEST MODE FOR CARRY.
THE | NVENEI:GNe 5 Thetlhbeds WateFuspaeer LoF Eh@npﬁl%%%%tai%%}ﬁ??gﬁo?é :°\| cc);rSng
froma plurality of first wires and a plurality of second wires neandering
with a gendeirdrvet f9RAT e { iR IRRErOT Mletl GUYETa FEBEd “Rat 8P BT | et
side. There are no specific limtations,to the ¢ st-secrgi I

qui\ tf:b u«?r}.% re

PO A AR R g
cross- sect? gerpaatw%f Foli A EHOTGT Do s hor bt PRI Ty Sasond o res.
€ rret?}?e ezgll*c? rlfshf1 r?l%Mot t%eggggzloreldcsblin\rlg)Sf‘, Sﬂﬁp%xample. Because
of this, turbid materials accumulate during operation over a

long period of time.

10 In this manner, among the feed water spacers proposed
heretofore, the net structure made of first and second wires
has corﬁers or bending portions in the feed watexr passage which
cause stagnation of feed water, resulting in accumulation of
turbid materials and an increase in the pressure difference

15 through the membrane element during long term service. Thus,
conventionélpretreatmentoffeedwatercannotbeomitted. The
structure formed only from straight wires or almost straight
wires running from a feed water inlet side toward a feed water
outlet side is ideal from the viewpoint of forming a flow path

20 with no bending portions that can ensure steédy flow of feed
water. However,ii:isdifficulttx>industriallyfabricatesuch
a structure because the wires are not connected with the other
wires.

Accordingly, the present invention provides a spiral

o5 membrane element, reverse osmosis membrane module, and reverse
osmosis membrane apparatus that do not accumulate turbid

materials and can treat feed water in a stable manner for a long



formed froma curve with turning points, but no bending points 15 is given
as an exanple. A bending point refers to a corner fornmed fromtwo |ines
with an angle. The corner herein includes a shape in which the corner is
cut or rounded. Therefore, a shape neandering with a gentle curve does not
include a zigzag shape as shown in Figure 8. As the curved section, a

hal f-circle 20 and an arc (part of a circle) forned froma curve wth the
same constant curvature radius, a shape of which the curvature radius
conti nuously changes such as a sine curve, and the |ike can Eﬁé%v&ﬂ In
the case mdridr ofakfnei vkteowl RIRELARAL IOFarfeeBi VAT BT 1T D) - d ffrom a
curve with constantly the sange_curvature 25 radius tt.h cu %L[ure radi us
may be iwater riahgel Y110 BB HnFT aHE hrit eJr%CgLﬁ/ ”z‘oae% {)% m If the
curvature radius is less than 10 mm flow of feed water tends to stagnate
and turbid 9 materials may be accumul ated during long-termservice; if
nore than 10, 000 mm f or mabj ';C?Ni npaired, nmaking it difficult to

|
fabri cateDW]%LcP%%EV\%?eTH%pﬁ%\é#IYT Sshape nmeandering with a gentle curve my

be either a reqgul ar, pattern s f QM3 & Hi6REt khicOnPéndors
wavel éngth and 5ﬂp‘f3r$“ﬂ éeﬁg\?i %gggeprggexg?:??%éed dli rrensli on or an irregular

pattern Shg}%% O%r‘éhE%Q Lﬁk‘?? V&l enatdo8n aarpLi taides o Adalthy ielkanges in the
e

| ongi t udi® ectron o wat er collecting pipe or the direction

per pendi cul ar .t her E%Qe iMfed QS rem Shapedns ke phebesablkeli nembewnef ease
10 of fabfication’ Preferable exanpl es of the shape neandering wth a
gentle Cuii’é’m%{:'of‘%ény%%s%i wedch eferanwg dee dFisgpeas tion mEngypeel is a
drawi ng show ng a feed water spacer of this enbodinent. Figure 2 is a
Cross-secti@nal rub8Wyavber ehackA) akre aovuhéwaabong thet REtPFABLIA-A and (B)
is a viewalong the line B-B of Figure 1. Figure 3 is an enl arged,

per spect i ¥er¥imteoknpardt aberireafttecda wex 6p13p8EAR I ML IS gBFEVTU IR JOPe 4
shows (A) first wires formng the feed water spacer andaéBé secogq:lvvi res
formng tbe teedidamerespater in| fhet feefi yares, sRAFEEI RAt &F $p&EerY1 has a
gently 20 neandering shape fornmed froma curve with reqgul ar ttern but
no bendi nguppoeresd Wt K ?héeéérvafﬁFelFaﬂFHEGSft?h5?8ﬁrg§5g§g§?i%%

conti nuously changing. The_ curve has a wavelgngth. |l ] fed

10- 1, 000 @AFigRdngr Egér%%?? W%lbcfprﬁﬁeraROa]ﬁ%??t“ﬁh%eﬁ%%&? hdétarQ g%gsg of 2-200
mm and preferably 20-100 25_wit he: [ ; d Recampbikude fHdeldo the
wavel engt ARE BRAFFIG R B%Fggnaan%e Brrgfgre(l'rntz‘i:bﬁ/lli . (chl-r%].(lgml n this instance, a
wire has 1-100 waves in Fin b atibasHoha 1é&ed anplpdde of, and
the 199 V(ﬁ\?@lreﬁﬁfﬁmﬂi%ll?gqﬁanﬂﬁ}g lébé&éte?gr?ges, feed water flows in the feed
wat er passage 9eptly. RBADHRL: BHa 0 £ dddWst est £p4 @bt . f rom ¢ Hénidnhee lsidde
toward the outl et side. The feed water spacer does not accunulate turbid
mat eri al s ;n ke Cfo%%qe\@qbe,r oFassRgex <z ehite iged timimer spacer 1 of this
enbodiment is formed froma plurality of first wires 11 and a plurality of
second wires 12 jpxd@ndimgly n theep obovet doyenithed hahPE&oHiR & FREF Wat er
inlet) side Xto a feed water outlet side Y. As shown in Filgure ;)}ezisthe
first wrgembkaert endmahongi o irbndp A SAFHL 8P 61 128 BpPSEFRG Sur f aces

of a separation nenbrane 20. A feed water passage i s forned n one
first2ov r @obddared aung dﬂ@ereﬁcﬁrdt?elntmﬁcrué‘tfpevﬁné:gelfzﬁgna t‘ﬁeerq? orm gg%&gent ly

meandering curve fromthe inlet side X to the qutl i.de Ynefhenvnater
flows in clild dtddadier pagesier 23 Hi 8n§eﬁgﬁ"a‘—’§tse§g§&>fagrér%éd on the 15

surface of the menbrane 21., The second wige - nd sakeprgntihgi pEder
menbr ane $@eaydtey BPAERE ’Ui)gé’gi“}? gﬁ? a%:le%%%l?gﬁesesepar ation membrane 20.

A feed water passage 24 is, f.orned 0 ecepdawid €ed2nard &heée ot her
adj acent €&HhBeaPFETIBIYE ThE ?%??rf%%?ﬁeﬁ?f@ meandering curve fromthe

inlet side 20 X to_the outl et sij s gEhecwat el £t aysrd 1 it albaedonat er
passage 24°4%fh aafﬁﬁgs‘é%ée’foorl?rtlielggeto:\glt%é surface of the menbrane 22. The
actual flowin the feed wa enbos oed- £ ¥ 003 e eadtk waher fpassage 23
and t k@ O%F%Fe%p%ﬁfgﬁ Splggfs%‘g%é%}gi S st%i ght or al nost straight since .

there are no bendj ng poj . DL GOSN QBSkr B6thbggachié ovi ithhet heefassage
di recti on¥ 45" Iéllnfgidurtgs‘,a §‘:g%§ )7 23T indicates one of the feed water passages

and 241 indica %Sagék%@é,h%ﬁqef gedovwat pi rpass@gelong the other membrane



11 As shown in Figures 1 and 3, projections 1lla, 11a, ' ' ' ' ' ' on the
one side of the gentle curve of the first wire 11 overlap projections 12a,

12a, " " " on the other side of the gentle curve of the second wire 12, the
two wires being joined at the 5 overlapping points. In the sane manner,
projections 11b, 11b) " " " on the one side of the gentle curve of the
first wire 11 overlap projections 12b, 12b, " " " on the other side of the

gentle curve of the second wire 12, the two wires being joined at the
over | appi ng points. Therefore, the distance between one 1.0 fi rsdl A 'ere 11
and the adrfesemt offi rtdte Hiana TR iQfd M 1@ aRdE F&WEE Yorie S&cond wire 12
and the adjacent second wre 12) each representing the w V. of the flow
passage, cahereyid ¥aerhts oA F § FOL M RE %PF%‘ﬁ gf%cfﬁatt%gba Sga Stent

shown in Figure 1. For this reason, if_ the w dth.af it [
det er mi nedd1shend igisdt I igre s |0W P&k Win pggtggt gb%fnleagjé%irléot%(aer

preferabl e enbodi nent of the shage neandering \é\%mcguggng}lgu{;ggv&é/g Il be
|

descri beBOPEEEr AtnEPE P GLFRP 5 Y B YGU'E 5 'i's "a drawi ng showi ng a f eed wat er

spacer in another enhodi ment. F fead nalfiesitasefighamn in
Fi gur 26°6% Wit & ‘%5 er'ent sfepq;i)érgtqﬁeeﬂee‘ged&%ml/at er 'spacer of Filgure 1 will

be mai nly expl ai ned. ecif] I Li ke thegd eeds wall waRaeesushown in
Fi gure 196Pﬁged|c§f:¥ﬁc§lp “e'tamggﬁhovynaetéf?rlgt wire 51 and the adjacent first

wire 51 an JLhe di t@}pecqngl%mﬂ ODEr SES ANk W T'ferdl ANfle d de Bl acent second
wire 52, %¢&ch representing the wdth V of the fl ow passage, are

equi val e dhe ahgd i tude, Hi o, t he, ardredidneRic caimia i Ficgure i idrhe
first w Etélog’%nadgﬁ secotlhd Wi rie_b}%g in Figure 5 are provided with 12

proj ecti qns BSkan1 H3a tRsPESLE Welvewpakbagkover tei deeeft livheogenel &edurve and
proj ections 51b, 52b respectively on the upper side. The m dsection of

proj ggti ons 51lbyn5lpresehbeianenside ¢R)theoydAeketBar ¢BOEE fR&TPLrst wire
51 intersect and overlap 5 the m dsection of projections 52b, 52b _on the

ot her si gemfrdie gentért curharofn tife FeeeiEriide S52PTHa 'fr 8j %SFFgﬁ 5la on
the lower side of the first wire 51 overlaps the pro{;ecgi Ql eSZg grelrlt]he
Upper si dmmfe hhe =eEENad ad Pt 5971 Wi thddit P HEP Y BPOF SetionP 516 on t he
upper side of the first wire overlaps the 10 projecti a gngt ge._hower
side of thweisesondaiiire o52amphd tideel b &35 HeE ‘i*e“n%ﬂg‘s/g‘%ox?grf aggi %g

poi nts, whereby an integral feed ter d S fgrnedeqlhrthensane
manner aihEEnBIFRRENP L SHOWRS i i'glﬁ)roz%?fp‘g%nﬁ e spi fal nmenbrane el ement

using this feed water, space L.¢ [ Lom bheokaedglbowaher
spach s WP Y %F%ﬁ?&l%”i ﬂ%téékfﬁg\%ﬁgggsgéggﬁ\fgt h Vv (hglf tﬁat oshown in

Figure 1), . one feed Waler; HRss08sbSdlnechbhet waer coyerherestfadt 0£51 and
t he otherl% jacent tirst wre 51 in the formof a gently neandering curve
fromthe thgé 8t w18 oh £ 9 drhfuul hethsiddeaintand ahetirees ¢ebd nNaldr OPassage
is formed between 20 one second wire 52 and the other adjacent second wre
52 in the(jp:}g}(gf,iaege@tfyvérﬁmdmmmgis:urrawmfa‘rtﬂnﬂtwli%leéimﬁfiféi ¥HES t he
outlet side Y. Although the flowin the feed water passage fornmed from one
feed wat egnhpassage apdrhhemetbherntesd emabsr pBREAgESYR* Ehi 8°BRBOEI nent
tends to neander to a |larger extent 25 as conpared E’ifth t he t1fheeeda Vafter
spacey 1 sbeMpane Foguie Mot tdwlyananrest theafBBE FSIARGE 39 WM Cant as
causi ng accunul ation of turbid materials. 13 TFe t hi ctl; S5 edied €ed

4 ,

wat er spateventiegsi vAREntlse dFLFF FRAPY 2EMEFFer Ot han sum of the

diameters of the first wire and the _secqond wre, i gh s dd e raage of
0.4-3.0 nfircifithe 2 CRRedE 29k et%hér’il 3. Erﬁér%e\g{ghg pressure difference 5

of flowi ng water increases t urbhi. terials denbdd: ot adee On the
ot her hanEFeFPntthént"I‘ﬁncH%r‘?é’sgﬂiqs pr?oorveldqerr%gr? 0 M the nenbrane area per one

spiral elenment made framt f.eed SRAGEI drSs d Wbrsded 3 riemhisend he
el enent | ﬁpﬁlaééttiuc?‘e.eqﬁjtpr?cﬁ?ing]tetﬁlereg@éa%gD no specific limtations to the flow

passage 10 width v of t I SRASEEr &P PPPAePLhatBighddhirity twice
t he | i "ed&-19 i nwfqﬁg gg %gﬁﬂg\r{%?hgfsﬁ gure 1 and the sanme as the anplitude
H in the enmbodi nent_of  Fj & Al hpughyd h ek e £c hor specpfocessas t ati ons
to the mat'8 3l Ofrorprt%cee%sg:awdaecwat er 'spacer, polypropyl ene and pol yet hyl ene

. ent
are pref eg%tg_'n% fhomtNfrse osmosis membrane apparatus of the pres



15 viewpoint of formability and cost. Methods known in the art can be used
with no specific limtations for manufacturing the feed water spacer.
Fabrication using a netal nold is preferable fromthe viewoint of cost and
fabrication precision. The spiral nmenbrane el ement of the present invention
is 20 made by wi nding an envel oped separation nenbrane and the feed water
spacer around the external circunference of a perneate water collecting

pi pe. Either one sheet or two or nore sheets of envel oped separation
menbranes may be used for w ndi rj%. The sgdiﬁr al _penbrane el ene tstof.latlhe
present imvemtiiom.cde e vased 25 thnhadhehbFRAE! SEpRF At iDh APpdt atUs such as
a mcrofiltration apparatus, ultrafiltration apgarat us, aﬁg JEverse osnosi s
menbr ane vedar ani o mpp&edt 630 Des SPRBLI80ASECESERT S 14 “O Meibrane, a
comon reverse osnosi s nenbrane_capabl e _of elimpati ~ r odi um
chl or i de virtdaud Priete egtded thad oHePyr épﬁoﬂahﬁﬁbpﬁﬁ%Prg?gpos SEet(?a(iv(garrge

osnosi s nenbrane with a, |l ower desalinating_capaci . ; gi .+ dhe nano
filtrati & SiFBABLARE ahb® | T T/ b 36%%21‘&)%%%%%?’3%6%3\;35% %)E/\ﬁr

desal i nati ng capacity than compn reversg, 9shDSi S Deghl 0ES , mOb r £28
separ &t e ART P c‘d%"ptor?é’m D&AEG A | ghgufz é%atgsca ¢l um and magnesi um

The nano filtration nbr ane and. . @L§f@§é§tmﬁbé,a@§e@épy al so
ref erred 3P HL G ﬂﬁn%é%ﬁfgﬁéarltlb*ﬁ%;&ge@e@gge{)sm)si s menbrane nodul e t hat

i s equipped.wth. the above- cribed spiral menbrane el enent may be used

Wi t hout ﬁ}ﬂﬂ%p]é%?'fsl%rﬁalmf%ﬁ%hs. For exanple, a reverse osnpsis nembrane
nmodul e having the structure shown in Figure 6 can be given. As shown in
Figure 6, an envel oped reverse osnosis 15 nenbrane 61 is spirally wound
around thBeRle%I; e?]}g@éRfﬂ,ffém@fem@ ekawhecper neate water collecting pipe 60
together wth the feed water spacer. The surface is then covered with a
coverj62. A tel psgape stiappedarbd¢ihaviy ingevérall vatenlsRads” 63 Piesecured
| at both ends of the spirally wound reverse osnosis nmenbrane 61 20 to
prevent idmbs@imbet ngr pusbedresent Oheveptial - menbr ane el enent 65 is foxned
fromthe perneate water collecting pipe 60, reverse osnosis nenbrang 61,
cover 62, and tehgscep2 ist appeas 64 eSSnaad VAEPr AP STt AﬁZ eféhents 65 are
connected by connecting the perneate water collecti i pe [Ne h
spiral 25hendridrelénenemt 365 (B] dg 3 Vc‘thﬁéif’B? ‘%ﬁ%{iqg%oﬁn]a?% ?Eg%%r%avm ng)
and are packed in a housing 66. A clearance 67 between the external
circunferknce of the spiral nenbrane el enent 65 and 15 t he internal
circunference of the. housing 66 is bl it b savbEl NEeE t @F tAef eed
wat erl5f eed pi peF(lﬁb‘FesHoWﬂ)a or aereqcﬁ%nggﬁggg%ggrvl?o the%ﬁﬁ&usi ng 66 is
install ed_at _.one_end_of e .hoysi 66. At the other end of the housing 66,
a treat edfﬁ\ﬁ?e?‘lageﬁi Bgaf%gt lghg\?\nlg)gggoghect ed with the perneate water

col | ecting pipe Fq%u%d 42 GRAGENtN At Yaat &fi riRispE ofmdings dnen ) eieg! wedteal | ed.
The reverse osnosi's nenbrane nodule 69 is fornmed fromthe housing 66, its
internal ggoperenhad) (B)Peecorazzliesk, fardinbe thiek & e e80 "AEF tPPELKSTNg f eed
wat er) usi ng the reverse osnosis nmenbrane nodul e 69 of this type of,
structure, the fraefhmaterid s idnavadur exhanider aprfe%%q,ur"@ttfs‘in’éy Punp® at one
end of the housing 66. As shown by arrows in Figure 6, the feed water
passem t heauvghetrhemppadesndf ofadihel Prielseng3 1§V efitd Fel escope 15 st opper 64
and is introduced into a first spiral menbrane el ement 63 . @Ipea‘;ér% t he
feed water passesidunegghsa ey ingt ePoPaBEay e Partitioned %y a feed water
spacer between the nmenbranes of the first it.al @y 65 and is
i nt r oduced simmsd st Memh&an & M L SrerfhPite e&%g’r%n engrg.%rT e gﬂther part of the
feed 20 water perneates through a reverse osnobsis nenbrane 61 and is

col | ect edipy e Per neate water coll ecting pi pe 60 as perneate water. Feed

wat er passes through the. spiral nt ; fhement,s 8% senbsnbonshyradde feed
wat er not per neak ?%Boﬁ&haédarraé"\ggl séﬁg‘g%m is nmenbrane is renoved fromthe

other_end of the housing 25 concentd e y@st eiroontionng turbid
mat er $&l s 2BARF 5T 31%03}? t?rggocgitﬁn%l’ gh conceﬁ% rati ons. Water perneated

through a reversg, osnDsi § MBNREANENLSSEAINEG toamenfie ohaustrgdteaven the
16

spacer with a zigzag configuration.



perneate water collecting pipe 60 as perneate water. The reverse 0osnosi s
menbr ane nodul e of the present invention includes, in addition to the
nodul e equi pped with a plurality of spiral menbrane el enents as shown in
Figure 6, a nodule 5 equipped with one spiral nenbrane el enent, for
exanpl e. Although not specifically limted, the reverse osnobsis nenbrane
apparatus of the present invention conprises at |east one or nore
above-nenti oned reverse osnosis nenbrane nodules, | a feed water supply
means such as a punp, a feed water inlet 10 pipe) a concentrate water

di schar ge pi pe, Faadra PeFhentechaPBtldnscRar geCPPYERLASTRReTFYEET SHat er
directly supplied to the reverse osnosis nenbrane apparatus of the present
i nvent i ordsnosiustrérbrage drodehd- wat er) and recl ai med water can be given
Al t hough the turbidity of feed water treated by the reverse 15 osnosis
menbr ane apparatus of the present invention is not specifically |limted,
the reverse osnosi s nenbrane _apparatus will _n % ause a probl em such as
pressure RESH ¥RRE t BORI oBRT RGN0 OY br BiE ﬁﬁY5¥? Pg when treated highly

turbid feed water with_a coefficient of turbidity o . ter
i ncl udes 20 wat &Pept et ddt'ed FPEASA 2 é??%pFFF?8¥ %Vggﬁgé%%fhgggqgg?ticles

such as sand grains_and water. cqontainin di r pti-eg scale
and foul i%‘?m%nB&BEBi Pgé’n‘)%ffrlarsfﬁ §’65F§a%{‘§ian§?§%§§@ héef)esfﬁog]t\@o#

suppressi ng. SEEHING AN A0 hehiill gy FBLerial % FBlga EeRdiypd efs sspacer and

menbr ane BTFFAEE M AS” i Spersant, commercial ly avail abl e products)

Hyper sper Sefé\@é 3\9&9@%{&?@{5 Se NRG2Q0 (ot RRRuliacikunesiky tAbge
, e can

Scientifit) or éxanp e cited. If the reverse osnosis 17
menbnane appafat s, 9f - § bee PEESENd o VAN A Ofoh Sotsatk fa pretaneatrenndneans
such as a coagulator) filter, and nenbrane 'need not be install ed.

Ther gfpor 6, £ 8. SyStemé e si tPladgpe) dhe qusdadbaléeoramriea gEvennisi zed,
and the costs can be reduced. 5 The effect of the reverse osnosis nenbrane
appar at Useksmphus . | Nnbyas iwiech Gaeeedbodhrent oid t4ang 6¥OESe SESHISNEL

menbr ane apparatus of the present invention will be explained with

ref erencecontEggureidn The beversd dsmpshe AimBirtadddasFSratuy*¥&5shown in
10 Figure 7 conprises a feed water supply unit 71, a front reverns oSnosSi S

merbr ane nodul e AB0Aheameandegan g Efeise Yoidibh S I SRt &Y odddt e

arranged in that order. The feed water~supply unit 71 gnd front & everse
osnosi s nEpbrafel FOBW EVFOR %{Féhc%‘h’ﬁéjc’?%dp%}}yt 'f (Ilajél %/?at er én etﬂopi pe 72.

The front reverse 15 osnpDsi s nbr an e a € kgap EkBYR8Ese
osnosis mefbPaANE nBFurE ?6§mggg'co%n§% egHgypéggFiﬁgfﬁpperneate wat er

di scharge_pi pe .73 Whi ' 4 e 8lc fn drhBe & Ot HeaMaTeae
osm)sisg %ﬁggﬁégﬁgﬁﬁﬁg:ggﬁgfgggﬁégsgggq%evg?ge osnosi s nenbrane nodul e 70B
to furthep Lhegk t heyRE LABEYePEbFRALEI MAEEE . 0 20r Thededar ThewerfSEr ©SMOSI S
menbrane nodule 70B is equi pped with a perneate water discharge pipe 74
that di schargesmthgaperAgal erial genand aureeyddes piqrei#51uAAt a retdAats
condensed water to the feed water inlet pipe 72. The front reverse osnosis
menbr ane pRdpke:F@AcWS BOBipped 8 t Bsatteornvenedatec er 2diadhat Y&t ifi pe 25
76. The reverse osnosis nmenbrane apparatus of the present i veﬂtion in

whi chegno anebad amt efrizatts odr @ cicotint)l foameds fHgBER LT He Vi EInt "FeiE S e
osnosi s nenbrane nodul e 70A, whereas a 18 convgntional reverse os Si s
menbr ane appatatiscisvasede F8diNE r a&PaP&RE ¥B1680HT SUAERGMASE Todul e 70B.
Next, a nethod for treating feed water using the rev 0 I SaHEhdrane
apparatusc¢0téﬁ“FﬁF§¢@ﬁﬁé&ﬁﬁ§n?“ﬁPl?SBbs%n8e§3¥yﬁe5?%%§§§%? gégamater is

supplied to the front reverse Qsppsi m u 7 by,the feed water
supply unfPéveR- ThE FE@dcﬁéFePgiggFrgg eacﬁggﬁﬁgggr%ﬁ% €€$e¥2% 0SNDSi S

menbrane nmodul e 7QA into primary condepsed vatar:{hahd safesehargedryia

circle) ftormed om a
25 radius, the curvature radius may be in the range of 10-10,000
mm, and preferably 20-5,000 mm. 1f the curvature radius is less

than 10 mm, flow of feed water tends to stagnate and turbid



t he condensed water discharge pipe 76 and primary perneate water ZO that is
di scharged via the primary perneate water discharge pipe 73. The primary
perneate water is treated in the rear reverse osnpbsi s nmenbrane nodul e 70B
into secondary perneate water that is discharged via the perneate water

di scharge pi pe 74 and secondary concentrate water that is returned to the
feed water 15 inlet pipe 72 via the recycling pipe 75. The secondary
condense water, obtained by concentrating the prinmary perneate water that
has al ready been desalinated in the front reverse osnosi s nenbrane nodul e
70A usi ngnatter raks Megybe S GO e driB R Bel AU F T FR T HES 'atF iRt e
conductivity than feed water. Fox this 20 reasgn, a#l t he %ffPPPa{Y£
concent r dtfeamekGr0 thmmhe fogapbidd tvntiar eBYat hednalaF 1 PEchbl ety FhT & tan be

[ d. Si th i nb t 7 h
[ over oo GTDAAIS: T G R SRR RBEBAScont T HOERLT S B WY et

accunul ation of turbid materials is greatly suppress i 5 nt end
i nst ead Gf 9&RESRVERTY BAGY B?eﬁ‘r%‘aet%%e%%r B?Q%thﬁ?ﬁ%@tfg?gg% fg&gnl y
removing turbid materials, the a ratys.s ial ) iJ rse
osnosPs rredsESted i9P P%oa N3 se.npg%g’ an haeméjgj\'sléel?é;ée hgds‘) r%)ésd‘l'lé érfe%ﬂga?lé%?@

appar atus_ 70 ]E)roducesage,lrl@ee%t%elraon%gEtggnr%ekg?l‘yhfaqgellhlee\mg\;gy@hbty as

conpar ed SR LY At 8" iat er a conventional reverse osnobsis nenbrane

apparatus_that js |.pped, Wit & Pret kgat MBAL: RkinAavaNgeat bon
desal i nat?%nar?%inlc%"?%én.%@Llé’sngaar?%l ell Tndust I’IIJ;J water with a turbidity

of 2 and &Pngﬁgt\ivé(i:éil 481 Pk 26y MHEasy PEREESSLEct NoR BeDPndbonlar
durability tést run under the follow ng operating conditions using a

reverse OSHDSL S MMy AR RAUBapeOl s theré o f fé 1 Ispeici fiieat bdnease
Performance of the reverse osnosis nenbrane nodul e A was eval uated by
measul Ngo £ heapressyiendrop (MPa), the anount of 15 pernmeate water (1/mn),
and the conductivity of the perneate water (nS/nm) at the initial stage of
operation and aPr2feGadllecexsnn iy edftles shapeareante AT RBF 96P&L Gt on)
the reverse osnosis nmenbrane nodule was dismantled to obser4ve 9ongirt9i ons of
turbi d matervelwalhasiwore deeksibeddr RALEF I passade IV’ 20 “reslirfS ¥ 6f
measurenent are shown in Table 1 and the results_of d vation
of the febd St 8r2yasgagBOUIRI ShdGif H#SEI %pfefnoﬁ'ggllkigs fsxtgﬁgggsgs'sure

drop and the condyctivity of the perneate g dyndiscatedpy1bhe val ues
convert edft8utRose Saf S 5 (R earlsé'lgéﬂr‘r:)\@lgg?rgﬁnb(r}\a)ne modul e A) A feed

\;\Ian;)f}{]tigggﬁétﬁlg\%t 1%!’1%{({1%%5[]6?6%%\/% A JHgvhes1inang 2 o tfhi quretii.o. of
Figure 3 is an enlarged perspective view of part of the feed
water spacer in Figure l. Figure4 shows (A) first wires forming
the feed water spacer and (B) second wires forming the feed water
spacer. In the Figures, a feed water spacer 1 has a gently

20 meandering shape formed from a curve with a regular pattern but
no bending points, with the curvature radius of the curved
section continuously changing. The curve has a wavelength L
in the range of 10-1,000 mm, and preferably 20-500 mm, an
amplitude H in the range of 2-200 mm, and preferably 10-100 mm,

25 with the fatio of the amplitudeH to the wavelength L being 0 .02-2
and preferably 0.05-0.5. 1In this instance, a wire has 1-100

waves in one meter. If the ratio H/L, the amplitude H, and the

10



wavel ength L: 15 mm anplitude H 10 nm feed water passage width V: 20 mm
thickness: 1.0 mm was prepared. A spiral nenbrane el enment A was prepared
using this feed water spacer A, then the reverse osnosis nenbrane nodule A
with the structure shown in 5 Figure 6 was fabricated. The reverse osnosis
menbr ane nodul e A was fabricated as one nodul e having one spiral nenbrane
el ement. (Qperating conditions) ~ Pressure: 0.75 Mda) concentrate water
flowrate: 2.7 10 nB8/ hour, water tenperature: 25C, flushing operation: one

flushing for 60 seconds per 8 hours. The flushi ng operati-on hetei efers
to an opetas P Eohdt ifdieng ™ GPF 2 RPERI TR 1He VA veé”ai%r?srtg Fed %ﬁ %ﬁée

concentrate water di scharge pi . Letti.ng.feed 0 . e osnDsSi s
menbr ane TRFAIER GGF P?Sasr?%ﬁ%ﬁ’tgﬁtyhlfnggntdienéggt ﬁév?égés\%vats%?g%gg\é ?gﬁ?rg in the
perneation treat nent,,. and _di schargin hi t t o]

concent r at't® \/Hi%e?@ﬁlsdghépagréi gg?ggg%r% ?gd#%e@%nge\%@ g%fgt}%o%ggﬁfabi lity
run as in, Exanpl.e 1cwﬁ§1§9eQ§L&h%PmQUErEQ9SHJ¥@ﬂesﬁﬁ@agﬁﬂﬂhtb93§a§é.ln

I
Exanpl e 1‘3,0%§<Eé’6ta?or using a reverse osnosis nenbrane nodule B wth the

foll Ogi ng specificatlon, instead of - thgs eVl sRLEERREHS TR HaRR FRoul e A
The results of performance evaluation of the reverse osnpbsis nenbrane

modul e B aarpgafél{%']l‘g“?}e;bf%'r%% yi2ed 23 a’-&d]gal?%\&%rr%qmn@&i s el aneesodul e

B) | nstead wat er spacer A, a feed water spacer B with the
struct ur e; $howneh i /i G &1 WHIV A dedidra Hfd anplnerudecila fHetiowaaeel engt h
L: 0.66, wavelength L: 15 mm anplitude H 10 nm feed water passage w dth
V: 1 0nm andet hiicdkn@sso &.f@g@wavas @i epat ed denYt.heAsagteowmrimeFigyrehe f eed
wat er spacer A Exanple 3 5 Industrial water with a turbidity of 2 and
conduct i vi 1 yripd £20- ndShrneas 1ir eateddi alen@, GOO teyhr g Mavdmcs 3 6éing a
reverse osnosi s nenbrane apparatus of the follow ng specification according
to the flowpsshegesshbapes nofiyurerarat igndtenieFo1d bwi Ay L6568 48Ry
conditions. The results of 10 perfornance eval uat, on qf t e, everE\%rosm)si S
di'n *F4bl owWs

menbr ane ppparaeudlate XTI ihetmaOe fid SF Wil& 1 °¢ t he

€1l's
results of the rear reverse 0sSnpsi nbr ane _appar S. A Sis
menbr ane %@@ﬁ?ﬁ?ﬁs@l%‘éwﬁé\?e%emo§ﬁﬁs %rw%?aﬁgnﬁ%ﬁeea@gl gﬁgﬁe@ 2 was
15 used as_the front.reverse osnosi,s. nenNby ; e. the readn ohever se
osnosi s nERBPahBenbBLFE, s%‘?lee )?romléeﬁﬁaw ngéag(;ﬁselrgé%jrunch T@I%emsnte, £330

( manuf act ur e h?g yg%@owgﬁggo Psabbdoz) a1oW8SalUpadsadbe rEImEA employs a
feed wat e?nsgacer Wih a structure of grating i
15 surface of the membrane 21. The second wires 12 extend along
the other membrane surface 22 of the opposing surfaces of the
separation membrane 20. A feed water passage 24 is formed
between one second wire 12 and the other adjacent second wire
12 in the form of a gently meandering curve from the inlet side
20 X to the outlet side Y. The water flows in this feed water
passage 24 along a passage formed on the surface of the membrane
292. The actual flow in the feed water passage formed from one
feed water passage 23 and the other feed water passage 24 is
straight or almost straight since there are no bending points
95 or corners obstructing a flow in the passage direction. In

Figures 3 and 4, 231 indicates one of the feed water passages

and 241 indicates the other feed water passage.

11



net. 20 (Operating conditions) Pressure: 0.75 Ma, concentrate water flow
rate: 2.7 nB/hour) water tenperature: 25C (for both the front and rear
reverse osnosi s nmenbrane nodul es) , flushing operation (for the front
reverse osnosi s nenbrane nodul e): one flushing for 60 25 seconds per 8
hours. Exanple 4 The sane 2,000 hour durability run as in Exanple 1 was 22
carried out under the sane conditions as in Exanple 1, except for using a
reverse osnosis nmenbrane nodule C with the foll ow ng specification instead
of the reverse osnosis nenbrane nodule_A. The result 1of Pfrfor.rrance

eval uation of thfesheysrke F@%ﬁsslﬁ"%ﬁbr%’f@%tdlﬂ%s% Sre”shown in Tables 1
and 2. (Reverse osnmpsi s nenbrane nodule C) The reverse. i ane
modul e COoRashprapacad s At tHE g5mE L Fanier® &4 f‘ralervsetr gégggl)mf)saﬁls&ﬁlerg%rbr ane
nodul e A by using a feed ter .spacer Cwih S t i, Fi gure
1 with 18T&IE&NE 0T 1gr‘?'pl }ﬁﬁde Hto wave e%\g?%ﬁ]% %{%& %&eﬁ%hﬂl%: 180

nm anplitude H: feed .wat er. j 5 - 3 d i X
1D . e Fof MEHRE T e e 4 p he i e g e B A 2 1 Feed

wat er _was treated in_th aner ranne i 12 clonexeept that a
known® memBrdne BTt 8%%%5%’ uni t wa%a?%sdt]ag?%”lgk%tjhe Front eﬁfﬂ and an 8
inch el enent.,. 'E%nlc{q(e”%%‘éf aGlaur 8¢ P¥eNybhe1Deskev oot  thé dEigst wiase used

i nstead of the spiral nmenbrane elenent A Industrial water with a turbidity
of 2 and jqonduectiid tp;gocﬁfecchd;@/ mowAsS 1bheat ed i n dherpeedvtleat nepde uni t 20

and the pretreated water was further treated in a commercially avail able
convent i QRal EQY¥EESR A BSIth enBeds e iradid ethdhwo wires being joined
) at the overlapping points. Therefore, the distance between one
10 first wire 11 and the adjacent first wire 11 and the distance
between one second wire 12 and the adjacent second wire 12, each
representing the width V of the flow passage, are eqguivalent
to two times the amplitude H in the embodiment shown in Figure
1. For this reason, if the width of amplitude H is determined
15 the width of flow passage V can be determined.
Another preferable embodiment of the shape meandering
with a gentle curve will be described referring to Figure 5.
Figure 5 is a drawing showing a feed water spacer in another
embodiment. Features of the feed water spacer shown in Figure
20 5 that are different from the feed water spacer of Figure 1 will
be mainly explained. Specifically, unlike the feed water
spacer shown in Figure 1, the distance between one first wire
51 and the adjacent first wire 51 and the distance between one
csecond wire 52 and the adjacent second wire 52, each
25 representing the width V of the flow passage, are equivalent

to the amplitude H in the embodiment shown in Figure 5. The

first wire 51 and second wire 52 in Figure 5 are provided with
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results are shown in Tables 1 and 2. Conparative Exa
_ _ ) npl e 2 Feed water was
treated in the sane nmanner as in Exanple 25 1, except that the 8 inch
el ement ES-10 (manufactured by Nitto Denko Co. , Ltd. ) was used instead of
the spiral menbrane elenent A Industrial water with a turbidity of 2 and
conductivity of 23 20 nS/ mwas directly treated in a comrercially
avai | abl e conventional reverse osnobsis nenbrane nodul e wi thout using any
ggﬁ%;eatnentEXThelre;ults are shown in Tables 1 and 2. In the experinment of
rative Exanple 2, since the pressure drop.5 reached .t 0 fH a |level
:ﬁ' obt ai ﬁ:ﬁégoﬁéépélsv\étlé‘r 2 B &P 500 Viddr §7° It%ﬁ? IFE AL iE’(::)Lrcli%vva?rs}I gc?lc?ppedvat
i's point. npar ati ve, Exanpl e,3 The .sa 2, 000 rabip{pt i
Exanpl e 9ef&d et CR5Y Fiddy BEngﬁaéPntgﬂse bs’a%bc%en%ﬁ) ?%%Ygeg%lo?xn“&a&r%{%nlﬁs "

g;ggip}i ggti{dg; ;Jﬁ{gggr&gd%gcvgggg OsMDsi 5 IRINARE odybe P vhihibes fl | owi ng

reverse osnosi s menbrane nodule A The results

e ono. nBAUF B NATE R S e P e rekane 8 Ehant 1B ( Revarse oenogis

g one spiral xane el enment. 15 (Reverse osnosis

menbr ane godpl g2 P ¢ Aoh LIS QUMY TREDIANS HADHHL & tRsr RiGRAbediia he

sane € Tévers rane nodul e A, except that instead

of using Lhe,feg ‘O’gt f SRAGRIcdNg ikgesh wat : '
: . 2 el &fc th dnagiiagon
shown inSF'gure gro %apanese Patent 20 Appl i cea??%ﬁ Lai d-0|0engDNo.tSH€lr Heture

10- 156152, ,sneci fieCak | ¢he & 000 Wales 1 SPasErapd tdheapsbrectipe Shbwm i n
g: gg;ﬁcg with a thickness: 1.0 rrm angl'e (8) at a bending point: 60, and

el WBRI PENHNG PAHY SSedorimnwinas S2sedIn24ddition, the

| projection 51b on the upper side of the first wire overlaps the

10  projection 52a on the lower side of the second wire 52. The
wires are joined in these overlapping points, whereby an
integral feed wgter spacer la is formed. In the same manner as
theembodimentshownileigurel,:Ulthespiralmembraneelement
using this feed water spacer la, which differs from the feed

15 water spacer shown in Figure 1 in the flow passage width V (half
that shown in Figure 1), one feed water passage is formed between
one first wire 51 and the other adjacent first wire 51 in the
form of a gently meandering curve from the inlet side X to the
outlet side Y, and another feed water passage is formed between

20 one second wire 52 and the other adjacent second wire 52 in the
form of a gently meandering curve from the inlet side X to the
outlet side Y. Although the flow in the feed water passage
formed from one feed water passage and the other feed water
passage in this embodiment tends to meander to a larger extent

25 as compared with the feed water spacer 1 shown in Figure 1, the

extent of meander is not so significant as causing accumulation

of turbid materials.
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TABLE 1 Pressure difference Perneate water (I/m n)Conductivity of perneateM
awater nS/mnitial After 2,000initial After 2,000initial After

-2, 000hour shour shour sexam i e 10. 0150. 02118150. 400. 55Exam | e

20. 0150: 02218150. 400. 55Exam | e 30. 0200. 02020200. 030. 03Exam | e

40. 0130. 01818150. 400. 55Conpar ati vep, 0200 022202030 00 30Exam | e
1...Conparativep 020-20-0 30-Examle 2,.Conparative Examle

3p, 0200. 0751980. 351. 90 TABLE 2 Results of naked eye observation of feed
wat er passage after 2,000 hoursExanple 1Turbid materials are slightly

at t ached. Exanplzh@ Turiikharet exfi 4he heed siatfin epagetat hetld BEXedptRt $q f ront
RO Al nost no turbid materials are attached. Exanple 3 (rear RO No, turbid
mat eri al raseightavheda Exarptiead Trdistmnaf el @ldd aged ed1s ght Fye dti&thed

(I ess than Exanples 1-2).Conparative Exanple 1A nost no _tur bi? mat eri al s
are attactied @sdphhat$eeoEkamdie IdCH dsnbk driarer86 Plef y* bf ot K™ he feed
wat er passage. Conpar ative Exanple 3Turbid mat efli al s accunu agfe marilcnl y at
bendi ng gdi the. tBipkneggnpFesels ££h3hdr-¢ fls HPRORTEHDUT RcTease T T he

pressure drop and no decrease in the apount 0 ter. perne and quality
of the p&fndadying etalfds WMyH2a%He adb‘%gtr%}ifs‘{ d‘f\,\g—forr%p%lrsattie\a/}}e;goarrpl e 1 was

provided with a pretreatnent it that require I al i and

i nst al | atfiEHMIAtE al CRoGR ?gQFﬁeh?% ’uIJtsL%'Te ggﬁggk%gtﬁcggﬁgfgaﬁ%ﬁ after

2,000 hours were conparative to the r I he apparatas of
Conpar at i*ve E)‘(‘anﬁﬁgnge’ﬁ%ﬁa?ﬁrﬁ%a r‘?aetreglgél ésp%%at‘ ache e?ﬁteﬁn-(agto in 25 such a

| arge a nt.that the u a 8R$8dihop 2&£E i &, about
800 hour?eq%wé(%r?ﬁarsgﬁggg Eéa%? %%%@t %grl\é@év&;hﬂ%giegni fi (lzaﬁ% i nerease in

the pressur a,dech easgf dit idheiARHRL 0k VEtele Pebweps esagd t he
poi nt of%%%b(gjﬂgt}?l%%eoger ati ﬁfe 'I'lhel apE)ar at usovvas estimated to becone

U“PSQP' e i abub £ 100G le@ #2000 duier, BNDUSTRbALL APPIMICAB! LT icThe
spiral menbrane el enent of the present invention 10 ensures feed water to
flow a spage hpimeamavy es rhandebbagment hof Rientte lcande theofrBef2ed wat er
inlet side to a feed water outlet side along the menbrane surface while
gent |y neandemipld tardealnbst tis¢ regibgitimeTite p 6 B eu r adcumdil&PrYA ot R EHR bi d
materials in the feed water passage can be greatly controlled.. 1f the 15
reverse msiossnenbrfénelméGPéi@FSr‘é&/éﬂﬁﬁmééﬁE%?i hendmm& eaFpurttis of
the present invention is used) any pretreatnent neans é:PaVﬁQtfiroo’?erxX used
for renmp\dmREer Hodivay GREEETFORNEP P Net B K’ e THERFoF8* 2R he 'System i s
Slnpugflggieéggint of formability and cost. Methods known in the art
can be used with no specific limitations for manufacturing the
feed water spacer. Fabricationusing ametalmold is preferable
from the viewpoint of cost and fabrication precision.
The spiral membrane element of the present invention is
20 made by winding an enveloped separation membrane and the feed
water spacer around the external circumference of a permeate
water collecting pipe. Either one sheet or two or more sheets
of enveloped separation membranes may be used for winding. The
spiral membrane element of the present invention can be used
25 in a membrane separation apparatus such as a microfiltration

apparatus, ultrafiltration apparatus, and reverse OSMOSI1S

membrane separation apparatus. As the reverse OSMOSI1S

14



installation area is mnimzed, and the costs can be reduced. 20 The effect
of the reverse osnosis nenbrane apparatus is thus innovative. Even if the
feed water is highly turbid water such as industrial water, the system does
not accumnul ate turbid materials and can treat the feed water in a stable
manner for a long period of, time wthout pretreating the feed water. 25 26
CLAIMS 1. A spiral nenbrane elenent, in which an envel oped separation
menbrane i s wound around the external circunference 5 of a perneate water
collection pipe together with a feed water spacer, wherein the feed water
spacer i mefdymmed .f ROAIMGR NG a8 P dohdn e e e éTé"é)r?bﬂﬁarfbferi ng with a
gentle curve froma feed water inlet side toward a feed water. outl et side,
the firseliniestring §08ngr AIEL SOBEUPH bRPYET fF SURf € 5P % A Ehar at i ng
10 nenbrane, one first wire and_the other adjacent . first. wire ‘f]g{ﬁiepg one
of the fd&dd wiatdrorRedmyaNe (He 19866nGSNFFES PERCAT BHESTRES BT net “Iehbr ane

surface of the _separatiqn nenbrape, one. second wWre an . . adj acent
second wilP¥eTofRPAd 1PRE 1GEhERPEEREY \iieP S pattale, Tglﬁdngﬂéhﬁféﬁ%%gs and

second wires 15 partly overlap and are bond | 2ppi G- poi nts. 2.
The spi rﬁ'le”\?err‘?d’r‘gr?é“{ﬂ]e%ﬁ Hecordt ng’ 1o €l g?erﬁfiﬁer%\éﬁ atahe meander i ng

shape with a._gentle curve h regul a i : } oi nt,
t he patt 55 %tglrég rat o %Tsy %&a%al{r%ﬁﬁfnto ﬁd%gﬁét? (S)wmg%#ééﬁétrﬁéf}g%ﬂgif of

0.02-2 apd .t he nu d-JQY IR OF s Wod Lr i Aul A TRVOISE HSNDSI S
menbr anebrlrlt;cdu & esq |%%£%ewﬁ ﬁre spi ral rrensb\r,gne el ement of claim1l1 or 2.

25 4. A (U %%@Dﬁ%énagﬂ@ﬁaner@@a%@t 551 equt PpRthenttutdiandevesse
osnpbsi s nenbrane nodul @ of claim3. 21 .AFH& AF. A . A3ar. AYNL. AF; . A

a. AFNr . AY, J AEN oARo-sA3Un &by £h &l 2 rR38T s Al FAY A t A¥a. dn WFAhemBBandu. A
a. A@A. Al (Hpr.oB8.n A

bg\ } xgni d_z] ca] ga} calwalsabenbs ab ealntalecad naficak cdjadal & glavdea e} £R] ca] ca]
ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]cRa] c: al MOnt dFk(-.g_c _

} xsni d_Z]wa] espoal calscalitaldcad ted t aleodrealecal engebFed] aregyl EAPLE] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] calca! C .

TIY! T cladw Wi SShSpesRami tagionx: ' 'Harieramngd x shitf VACH Gt th] ca) cal ca
J el cal cal ] o amouealsd (Heat cabeakeal sl sl s dhophealedgabeal cal ca

given. As shown in Figure 6, an enveloped reverse osmosis
15 membrane(ﬂ.isspirallywoundaroundtheexternalcircumference
of the permeate water collecting pipe 60 together with the feed
water spacer. The surface is then covered with a cover 62. A
telescope stopper 64 having a several radial ribs 63 is secured
at both ends of the spirally wound reverse osmosis membrane 61
20 to prevent it from being pushed out. One spiral membrane
element 65 is formed from the permeate water collecting pipe
60,reverseosmosismembrane61,cover62,andtelescopestopper
64. Several spiral membrane elements 65 are connected by
connecting the permeate water collecting pipe 60 in each spiral
25 membraneelement651mﬁngzaconnecter(notshownijltheDrawing)
and are packed in a housing 66. A clearance 67 between the

external circumference of the spiral membrane element 65 and

15
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15 stopper 64 and is 1ntroduced into a first spiral membrane
element 65. A part of the feed water pDasses through a feed waterx
passage partitioned by a feed water spacer between the membranes
of the first spiral membrane element 65 and is introduced into
the next spiral membrane element 65. The other part of the feed

90 water permeates through a reverse osmosis membrane 61 and is
collected in the permeate water collecting pipe 60 as perfneate
water. Feed water passes through the spiral membrane elements
65 continuously. The feedwater not permeated through a reverse
osmosis membrane is removed from the other end of the housing

25 66 as a concentrate waste containing turbid materials and ionic
impurities at high concentrations. Water permeated through a

reverse osmosis membrane is removed from the housing 66 via the
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#10% (| (@ qymeate Wayey \gid apt @uoRs (52 29 P9t ‘%51%% (6 100& () -
10( 10( 10(, =t 10% & () - x////501w0z0aBhC 10@‘!10%'( | MO0 () - |
10%&()-W)@I(%Qﬂ%“/%3(5-lﬁ“%“lkf)‘@)@?)m%§tf(ﬁl 2SR BE A KA ST ) - |
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Y. 10%& ()o-fzzszpzizrzaifjcr? rr%?rcar}g!e grg/ggﬁég "as shown in Figure 6, a module
5 egquipped with one spiral membrane element, for example.
Although not specifically limited, the reverse osmosis
membrane apparatus of the present invention comprises at least
one or more above-mentioned reverse osmosis membrane modules,
) a feed water supply means such as a pump, a feed water inlet
10 pipe, a concentrate water discharge pipe, and a permeate water
discharge pipe. BAs the feed water directly supplied to the
reverse osmosis membrane apparatus of the present invention,
industrial water, tap water, and reclaimedwater can be given.
Although the turbidity of feed water treated by the reverse
15 osmosis membrane apparatus of the present invention 1s not
specifically limited, the reverse osmosis membrane apparatus
will not cause a problem such as pressure drop due to clogging
of turbid materials when treated highly turbid feed water with
a coefficient of turbidity of about 2. Feed water includes
20 water pretreated with a coarse filter to remove large particles
such as sand grains and water containing a dispersant for
preventing scale and fouling. The addition of a dispersant
increases the effect of suppressing accumulation of turbid
materials in the feed water spacer and membrane surface. As
25 the dispersant, commercially available products, Hypersperse

MSI300 and Hypersperse MDC200 (both manufactured by Argo

Scientific), for example, can be cited. If the reverse osmosis
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5 The effect of the reverse osmosis membrane apparatus 1is thus
innovative.
One embodiment of the reverse osmosis membrane apparatus
of the present invention will be explained with reference to
} Figure 7. The reverse osmosis membrane apparatus 70 shown in
10 Figure 7 comprises a feed water supply unit 71, a front reverse
osmosismembranemodule?OA,andzarearreverseosmosismemhrane
module 70B arranged in that order. The feed water supply unit
71 and the front reverse osmosis membrane module 70A are
connected by a feed water inlet pipe 72. The front reverse
15 osmosis membrane module 70A and the rear reverse osmosis
membrane module 70B are connected by a primary permeate water
discharge pipe 73 which feeds the permeate water of the front
reverse osmosis membrane module 70A to the rear reverse osmosis
membrane module 70B to furthertreattheprimarypermeatewater.
20 The rear reverse osmosis membrane module 70B is equipped with
a permeate water discharge pipe 74 that discharges the permeate
water and a recycle pipe 75 that returns condensed water to the
feed water inlet pipe 72. The front reverse osmosis membrane
module 70A is equipped with a concentrate water discharge pipe
25 76. The reverse osmosis membrane apparatus of the present
invention in which no turbid materials are accumulated is used

as the front reverse osmosis membrane module 70A, whereas a
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ext, a meth%%_for treating feed water using the reverse

osmosis membrane apparatus 70 of this embodiment will be

5 described. First, feed water is supplied to the front reverse

osmosis membrane module 70A by the feed water supply unit 71.

The feed water is treated in the front reverse osmosis membrane

module 702 into primary condensed water that is discharged via

) the condensed water discharge pipe 76 and primary permeate water

10 thatiscﬁﬁchargedviatheprimarypermeatewaterdischargepipe

73. The primary permeate water is treated in the rear reverse

osmosis membrane module 70B into secondary permeate water that

is discharged via the permeate water discharge pipe 74 and

secondary concentrate water that is returned to the feed water

15 inlet pipe 72 via the recycling pipe 75. The secondary condense

water, obtained by concentrating the primary permeate water

that has already been desalinated in the front reverse osmosis

membrane module 70A using the rear reverse osmosis membrane

module 70B, has a lower conductivity than feed water.

For this

20 reason, all the secondary concentrate water can be recycled,

whereby the water recovery rate can be increased. Since the

reverse osmosis membrane apparatus 70 employs the reverse

osmosis membrane module of the present invention by which

accumulation of turbid materials is greatly suppressed in the

25 front end instead of a conventional pretreatment unit of which

the target is only removing turbid materials, the apparatus

substantiallyutilizesreverseosmosismembranesintwostages.
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5 desalination function.

EXAMPLES
Example 1
) Tndustrial water with a turbidity of 2 and conductivity
10 of 20 m8/m was processed in a 2,000 hour durability test run
under the following operating conditions using a reverse
osmosis membrane module A of the following specification.
rerformance of the reverse osmosis membrane module A was
evaluated by measuring the pressure drop (MPa), the amount of
15 permeate water (1/min), and the conductivity of the permeate
water(ms/m)attheinitialstageofoperathnnandat2,000hours
thereaf£er. After the 2,000 hour operation, the reverse
osmosis membrane module was dismantled to obsexve conditions
of turbid material adhesion to the feed water passage. The
20 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. In Table 1, the pressure drop and the conductivity
of the permeate water are indicated by the values converted to
those at 25°C.

25 (Reverse osmosis membrane module A)

A feed water spacer A with a structure shown in Figures

1 and 2 with a ratio of amplitude H to wavelength L: 0.66,

20
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Figure 6 was fabricated. The reverse osmosis membrane module
A was fabricated as one module having one spiral membrane
element.

(operating conditions)

Pressure: 0.75 Mpa, concentrate water flow rate: 2.7
m’/hour, water temperature: 25°C, flushing operation: one
flushing for 60 seconds per 8 hours. The flushing operation
herein refers to an operation comprising fully opening the
valves installed in the concentrate water discharge pipe,
jetting feed water to the reverse osmosis membrane module in
an amount three times the feed water feed rate in the permeation
treatment, and discharging flushing waste water from the
concentrate water discharge pipe.

Example 2

The same 2, 000 hour durability run as in Example 1 was
carried out under the same conditions as in Example 1, except
for using a reverse osmosis membrane module‘B with the following
specification instéad of the reverse osmosis membrane module
A. Theresults<3fperformanceevaluationof1ﬂuareverseosmosis
membrane module B are shown in Tables 1 and 2.

(Reverse osmosis membrane module B)
Instead of the feed water spacer A, a feed water spacer

B with the structure shown in Figure 5 with a ratio of amplitude

2]
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was prepared in the same manner as the feed water spacer A.
Example 3

5 Industrial water with a turbidity of 2 and conductivity
of 20 mS/m was treated in a 2,000 hour permanent run using a
reverse osmosis membrane apparatus of the following
specification according to the flow scheme shown in Figure 7

) under the following operating conditions. The results of

10 performance evaluation of the reverse osmosis membrane
apparatus are shown in Tables 1 and 2, wherein Table 1 shows
the results of the rear reverse osmosis membrane apparatus.
(Reverse osmosis membrane apparatus)

The reverse osmosis membrane module B of Example 2 was

15 used as the front reverse osmosis membrane module. As the rear
reverse osmosis membrane module, one module having one 8-inch
element,ES-lO(manufacturaﬂbyNittoDenkoCo,Ltd.),wasused.
The ES-10 employs a feed water spacer with a structure of grating
net.

20 (Operating conditions)

Pressure: 0.75 Mpa, concentrate water flow rate: 2.7
m®/hour, water temperature: 25°C (for both the front and rear
reverse osmosis membrane modules), flushing operation (for the

front reverse osmosis membrane module) : one flushing for 60
25 seconds per 8 hours.

Example 4

The same 2,000 hour durability run as in Example 1 was
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carried out under the same conditions as in Example 1, except
forusingaareverseosmosismembranemodule(2wiU3thefollowing
specification instead of the reverse osmosis membrane module
A. Thexesultsofperformanceevaluationofthereverseosmosis
5 membrane module C are shown in Tables 1 and 2.
(Reverse osmosis membrane module C)
The reverse osmosis membrane module C was prepared in
thesamen@nnerasthexeverseosmosismembranemodulel\byusing
) a feed water spacer C with the structure shown in Figure 1 with
10 a ratio of amplitude H to wavelength L: 0.2, wavelength L: 100
mm, amplitude H: 20 mm, feed water passage width V: 40 mm, and
thickness: 1.0 mm, instead of the feed water spacer A.
Comparative Example 1
Feed water was treated in the same manner as in Example
15 1, except that a known membrane pretreatment'unit.was installed
in the front end and an 8 inch element, ES-10 (manufactured by
Nitto Denko Co., Ltd.), was used instead of the spiral membrane
element A. Industrial water with a turbidity of 2 and
conductivity of 20 mS/m was treated in the pretreatment unit
20 and the pretreated water was further treated in a commercially
available conventional reverse osmosis membrane module. The
results are shown in Tables 1 and 2.
| Comparative Example 2
Feed water was treated in the same manner as in Example
25 1, except that the 8 inch element ES-10 (manufactured by Nitto
Denko Co., Ltd.) was used instead of the spiral membrane element

A. Industrial water with a turbidity of 2 and conductivity of
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20 mS/m was directly treated in a commercially available
conventional reverse osmosis membrane module without using
any pretreatment. The results are shown in Tables 1 and 2. 1In
the experiment of Comparative Example 2, since the pressure drop
5 reached too high a level to obtain permeate water at about 800
hours, the operation was stopped at this point.
Comparative Example 3
The same 2,000 hour durability run as in Example 1 was
) carried out under the same conditions as in Example 1, except
10 forusingzareverseosmosismembranemodulel)withthefollowing
specification instead of the reverse osmosis membrane module
A. The results are shown in Table 1. The reverse osmosis
membrane module D was fabricated as one module having one spiral
membrane element.

15 (Reverse osmosis membrane module D)

A reverse osmosis membrane module was prepared in the
same manner as the reverse osmosis membrane module A, except
that instead of using the feed water spacer A, a feed water spacer
E having a structure shown in Figure 1 of Japanese Patent

20 ApplicationLaid-openI«a.10-156152,specifiéally,a.feedwater
spacer with a structure shown in Figure 8 with a thickness: 1.0
mm, angle (B) at a bending point: 60°, and distance between

bending points: 5 mm, was used.
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TABLE 1

Pressure difference ., | Conductivity of permeate
(Mpa) Permeate water (I/min) water (mS/m)
" After 2,000 . After 2,000 o After 2,000
Initial hours Initial hours Initial hours
Example 1 0.015 0.021 18 15 0.40 0.55
Example 2 0.015 0.022 18 15 0.40 0.55
Example 3 0.020 0.020 20 20 0.03 0.03
Example 4 0.013 0.018 18 15 0.40 0.55
Comparative
Example 1 0.020 0.022 20 20 0.30 0.30
Comparative
Example 2 0.020 - 20 - 0.30
Comparative
Example 3 0.020 0.075 19 8 0.35 1.90
TABLE 2
Results of naked eye observation of feed water passage after
2,000 hours
Example 1 Turbid materials are slightly attached.
Example 2 Turbid materials are slightly attached.

Example 3 (front RO)
Example 3 (rear RO)

Example 4

Comparative Example 1
Comparative Example 2
Comparative Example 3

No turbid materials are attached.
Turbid materials are slightly attached (less than Examples 1-2).
Almost no turbid materials are attached.
Turbid materials entirely block the feed water passage.

Turbid materials accumulate mainly at bending points.

Almost no turbid materials are attached.

In Examples 1-4, there was almost no increase in the

pressure drop and no decrease in the amount of water permeated,

and quality of the permeate water was high.

The apparatus of

Comparative Example 1 was provided with a pretreatment unit that

required an installation area and installation cost, although

the results of performance evaluation after 2,000 hours were

comparative to the result of Examples. The apparatus of

Comparative Example 2 had turbid materials attached thereto in
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about 3,000 to 4,000 hours.

INDUSTRIAL APPLICABILITY
) The spiral membrane element of the present invention
10 ensuresfeedwatertx)flmﬂaspacebetweenwiresmeanderingwith
agentlecurvefromaifeedwaterinletsidetx>afeedwateroutlet
side along the membrane surface while gently meandering or
almost straight. Therefore, accumulation of turbid materials
in the feed water passage can be greatly controlled. If the
15 reverse osmosis membrane module or reverse osmosig membrane
apparatus of the present invention is used, any pretreatment
means conventionally used for removing turbidity need not be
installed. Therefore, the system is simplified, the
installation area is minimized, and the costs can be reduced.
20 The effect of the reverse osmosis membrane apparatus is thus
innovative. Even if the feed water is highly turbid water such
as industrial water, the system does not accumulate turbid
materials and can treat the feed water in a stable manner for

a long period of time without pretreating the feed water.
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CLAIMS

1. A spiral membrane element, in which an enveloped
separation membrane is wound around the external circumference
5 of a permeate water collection pipe together with a feed water
spacer,whereinijuafeedwaterspacer‘isformedfronlfirstwires
and second wires, each meandering with a gentle curve from a
feed water inlet side toward a feed watexr outlet side, the first
) wires run along one of the opposing surfaces of the separating
10 membrane, one first wire and the other adjacent first wire
forming one of the feed water passages, the second wires run
along the other membrane surface of the separation membrane,
one second wire and the other adjacent second wire forming the
other feed water passage, and the first wires and second wires

15 partly overlap and are bonded at the overlapping points.

2. The spiral membrane element according to claim 1,
wherein the meandering shape with a gentle curve has a regular
pattern without a bending point, the pattern having a ratio of

20 amplitude H to wavelength L (H/L) of 0.02-2 and the number of

wave of 1-100/m per wire.

3. A reverse osmosis membrane module equipped with the
spiral membrane element of claim 1 or 2.

25

4. A reverse osmosis membrane apparatus équipped with

the reverse osmosis membrane module of claim 3.



