. e3el: v6TnwR SPI RAL MEMBRANE ELEMENT) REVERSE OSMOSI S MEMBRANE MODULE,
AND REVERSE OSMOSI S MEMBRANE APPARATUS 5 TECHNI CAL FI ELD The present
.invention relates to a spiral nenbrane el enent, reverse ﬂmmmmMﬁWMﬁmmrane
nodul e, and reverse osnosis nenbrane apparatus that can wat er
in a stable 10 manner for a long period of tinme w thout pret#eaitng the
feed water even if the feed water is highly turbid water such as | strial
wat er. BACKGROUND ART 16 Conventionally, as a nethod forMﬂﬁHHﬂ&Wﬁm“ﬂg
seawat er or for obtaining high pﬁrih P@i§ﬁ and vari ous

process water, a method of separ £p éI and | ow nol ecul ar *guwedght
conpounds from feed water using a spiral nenbrane elenent in which a
reverse osnosi s nmenbrane (RO nenbrane) or a nano 20 filtration nmenbrane (NF

menbr ane) siﬁR&liegxg?llinirqr@.eEEE?IEF%#E”E”E?EEQE Péﬁo@fﬁ’”mﬁﬂﬁwﬂmpﬁoﬁﬁﬂﬂ’!‘ in

Figure 9, "a“conv onal spira ane elenment has an envel oped nmenbrane
93 formed from sheef ¢y Gip PRl e al SMYPLEL IMERACAE Xdbpagaaliushavi ng a reverse
osnosi s nenbrane 91 | ayered on both surfaces, by closing off 25 three sides
of thg perneate water spacer 92, thereby formng envel oped nmenbrane 93 .
The open side of the envel oped nenbrane 93 is attached to a perneate water
col | ecti Agcintea?4 Fardpt he 1 envel oped nenbrane being spirally wound
around the external circunference of the perneate water collecting pipe 94
toget her with armetprafsdmed maingri spaedat@s. theed spared g@mbgasepplied from
one end 9a of the spiral nmenbrane elenent 90, flows along 5 the feed water
spacer 9zlemamnt,i sedesshavgmes is oembranst hedudad T geveressppPaplfenbr ane
el ement 90 as concentrate water 98. Wiile flowi ng along the feed water
spacer 9membhvarnfec @PpraiadnsoGhedr geat drocResufRedhEateYeiBe208FBBLE nenbrane
91. The perneate water 97 flows al ong the, perneate water, spacer 92_.into 10
the per meemaemter 2olPRERIGW B 5AMENHE FROYE %%W%rﬁ?‘tehéegﬂd of the

perneate water collecting pipe 94 . In this nner. .a f ssage i s
formed byater EIER vidt éahgesﬁgéér wgd-eg, 4 éahggt &@aﬁlmﬁﬁgéﬁ%?épgﬁ

menbr anes 93. Wien desal i nating seawater or producing high purity 15 water
or proce§§4MﬁQﬁJQ%MWQE%ﬁan manuf acturi ng processes using such a spira
menbrane el enent) feed water is pretreated for the purpose of elimnating
turbidity and the like. The feed water spacer in the spiral menbrane

el enent rﬁ?ﬁﬁ?ﬁﬂgﬂd Ay ckness (usually 1. nmor |eas) to provide the feed
as

wat er w t arge an area in which the feed water cones in contact

Wi thkhe rever sg,Osamsi sndEIP! A Andided Ho ashialldnendmyi Bgakheerequired
feed water passage. This design allows turbid materials in the feed water
to be acuynioat edthinthg fiesh wahdityspacer, amd wiang cniss eano felctggiing of t he
feed water passage. The 25 pretreatnent is perfornmed in order to renove the
turbid ngdmideds vatdre af medhodt of $eparauirg aland enghd dwA@lEesudddper at i on

by avoiding an increase in the pressure drop due to 2
weightcompoundsfromfeedwaterusing51splralmembraneelement

in which a reverse osmosis membrane (RO membrane) or a nano
20 filtration membrane (NF membrane) is used as a permeable
membrane has been known. As shown in Figure 9, a conventional
spiralmembraneelementhasanenvelopedmembrane93formedfrom
sheets of permeate water spacer 92, each having a reverse
osmogis 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



accufrul ated turbid materials and avoiding a decrease in the anount and
quality of the perneate water. A pretreatnent apparatus used for
.elimnating such turbid materials includes various process units such as a
coagulator) filter, and nmenbrane, 5 which not only increase installation
cost and operation cost, but also require a large installation area.
Therefore, if a spiral nenbrane el ement with a structure for avoiding
accunul ati on of turbid materials which can ensure a sufficient feed water

passage f05828§§8V8”%£9Q8FLXe%ﬁﬁdsbPL911§eﬂoM@&eér&&hép@E@Feﬁﬂgr&@f

. .oe
mai nt ai n°& rnation effrciency equivalent to a conventional apparatus

s devel QRednFBUURLEICH cHBIEImkL d QYRR 1ol p DpEbUCEb gEAReFaN De

supplied as Teed water to nbrane. Such a spiral nenbrane el enment can
simplify the susdenordedesseasasgdteer N3t al Fabl o teed6aid opppRieag cost,
15 thus presenting an extrenely high industrial value. On the other hand,
various mebRodse faid iRPbeViRg ddiTraaonépBirhaBadl émesk Wit eif lspacelosyr uct ur e
of grating net have been proposed to prevent clogging of the feed water
passage ichet PeedPiddr EREVeangs el £id@rits diechartyedbf domether odher gaganese 20
Pat ent Application Laid-open No. 64-47404 discloses a spiral nenbrane

el ement 9y BE Ehé aash wel eterbraner elemehé $0ras congemtaader WagegoPBugat ed
board. Such a feed water spacer with a nmeandering corrugated formis not
practi caWhiaeafidewhoy ehbygi thesfeed fyatan snaaad @S5sutheafpedniaErig
corrugated board, but 25 also there is a every probability that the flow ng
passages 9 lperimeadiesd s oughe §heh&evsr pEgaEBASbEaPE™PE2EEI PAr | yTR®UNd.
Japanese Patent Application Laid-open No. 9-299770 3 di scl gses,.a net

st ruct ur @eraga tier vat er %t ThPHELR LORP SBERHUFFES w@rt8§s?ﬂ@c3’écg% oPREr

wherein a feed water spacer is_arranged, so at_ ei.t her, _t firs L.res or
t he dBcordrenPesdeats WatELr ﬁPP‘e?CW‘?g RHRe I%J;gqntd‘lic]'lsngllSg|lﬂ(rgl(:ar(‘:;t(:"idlotrjlfr\gq"rl t he

t ter 5 callecti i pe. . Si | OV t
e oL 0L SRR BB ARl B0 G O (O BashDst

col lecting Ml wals 2Rl 9l $R36RG B khLS rebAUGhUES BxBLRE! 95a | ow

pressure 3 wat er to w at a high linear velocity,
making it éﬁJﬁéé&“ﬁ e Whind TBh@hiopled mekBrhfeaceognul ate . However,
because the Wires that are present in the direction perpendicular to the

| ongi t udi nal diyeet | §ds£f 1 A6 e rd@pisremmicy pralduwedrgnd iglhpeumittar rupt t he
feed water passage, turbid materials accunulate in the wres and clog the
f eed 4at gfa RAS I rokie skapanteae fiat entr L4pE neatifer tuaildgoppROMBSS88- 156152
di scl oses a feed water spacer formed fromw res running in a zigzag pattern
from a faadmpeachi alstirsildeekbrana ¢batemat deedurpbersiH@TetEe in
Figure 8. The wires consist of first wires 81 running along the surface of
a separ atfow thenhras 0§ 20 mima tding Herbbd } trndpe thesepratfists
menbranes, and second wires 82 running al ong the surg%ce of _a qt her

separ at i e trenienerer Amdihe sRissdgdg Sy & fmt?gt ween t he

first wires that are present in juxtaposition and het W res
that are phigemes rf“jsgﬁtl&b'oti“l“l 8Lﬁui(%ﬁ1% %@ BB?IYII%%OthSﬁ égggt%%ggésﬁgﬂgt he

inlet side to th tlet side, : th
Separil| P HRHAB. “FaF (b D FHBCt EE e, o R o O A  ana

82a and 4the 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 order 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



are bonded there. Al though clogging of the water passage due to turbid
mat eri als can be suppressed using the feed water spacer of. this structure
.better than using a conventional grating net spacer, stagnation of feed
wat er near the corner 5 Gof the first wire 81 shown in Figure 8 wll
continue to remain in spite of a high flowrate of the feed water stream
close to the protrusion B of the second wire B2, for exanple. Because of
this, turbid materials accumul ate during operation over a |ong period of
time. 10 In this nper, . anong_th e cer t of ore,
t he net §FFH’8P%?Egﬁag'ér]8% f?‘?g?r}a%%lés%%%ﬁ%&%?%g?hisé%%%géﬁ%e%} htI?r((aeer}di ng
portions_ in the fge u%@i€§ $f5§ﬁg? Wk el CaLsEe St aGNH Rt rfeii@d Wat er
resulting rn accunulation” of tur i B materials and an'increase in the

pressur e gibLE g RCEsdd AdY 0udhi bl AETRANS AR rdut g LooDudes m

servi ce. conventional pretreatiment of feed water cannot be omtted.

The str U?BEESuEfQfoB’éEs(HILﬁ(iéé QRICH 4 R ABa gV T R%H10" £ 21 B8] asid méribtaié | €S
running froma feed water inlet side toward a feed water outlet side is

i deal 5 f r gy bRendE MDG) N cbalser MhBPad1 4t 0vh peddr 2ddwbbbraeibandosy, portions
that can ensure steady flow of feed water. However, it is difficult to

i ndustri ghkyalabr 6t eréus fr$éd rims uaid drdicmiserdahe theeefare, nbf @onnect ed
with the other wires, Accordingly, the present invention provides a spiral
25 menbr gperaliefemnbrahevelemensmesith aesbractunedive, avpbdirger se osnosi s
menbr ane apparatus that do not accunulate turbid materials and can treat

f eed wat accumulastiebl @f rambdd hateniabagig ch ganjenpwre & gl iii ¢hewnt
pretreating feed water even if the feed water is highly turbid water such
as i ndustferdl wateer pagrare CBURE GomMen hioueNitiyoNssd fhypeh s YARST

above-nentioned situation, the inventaqrs of the gr.esent invegti%\ Qave
condd@t e@Pageanandecar o rtain a degatipatdnn phGAREEPSYRETRYBLRB that in

bt b A omvent e agnakarul B dstedonEa Th AN ELOPE ot RRTARR! ON
i nt f | ] i i . i bi d
o ori o Saprupker; wLERARE ooreBESArReht “EiA b Bipn S3RCUBcBEOPa ket LT 0
water is caysed to flow.styal gﬁ RY fl&sd 4 e tRenfessh Watkdn isaege so that
O?llg EELF -aRa o % ] i bi

wires aré& n nding parts are present since turbid

mater i al g d) fiegflalfe sl Lo A THLERE 1HREBRYa | 8a IdHE bpReLitang sadtbendi ng
parts of Wires of the conventional feed water spacer. This find has led to

the gpnplglison @fkehitendr anektrewentyi aaghAtaaudenghy, vaheepr esent invention
(1) provides a spiral nmenbrane el enent, in which an envel oped separation
menbrane is 20 owpuwrk ajthEr Hdirl extaarinals aietdodise forc d nofrox ipar mb&t e wat er
collecting pipe together with a feed water spacer, wherein the feed water
spacer i sdnaemd chadmikiedsvatkrespaner setoretwie of dxadHindeBfdecPPNE with a
gentle curve froma feed water inlet side toward a_feed water outlet side,
the firstbesimr psopaned| bnPLRVEESCHPITHBI P IdienfeedrTal®s R HA%E <Bparati ng
menbrane) one first wre and the other adLacent first, wwre form ng one of

the feed thet epipasJereranselePeaiddve tos tHERL A MHF TR St hdPPRBTBPane 6

20 Patent Application Laid-open No. 64-47404 discloses a spiral
membrane element using a feed water spacer in the form of a
meandering corrugated board. Such 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 alsothereisaaeveryprobabilitythattheflowingpassageswill
break down .when the corrugated board is spirally wound.

Japanese Patent Application Laid-open No. 9-299770



surface of the separating nenbrane, one second wire and the other adjacent
second wire form ng the other feed water passage, and the first wires and
.second wires partly overlap and are bonded at the overl apping points. This
structure ensures that 5 feed water flows in a space between wres
meandering with a gentle curve froma feed water inlet side to a feed water
outlet side along the nenbrane surface while gently neandering or flow ng
al nost straight. Therefore, accunulation of turbid naterials in the feed

t b t | trqlled. 10 The, [ i 2
brovi dos S1AE 18580 AL AT ARESE ST LT ARHASr EHE SRESTLY ERG® shape
with a gentle.curve Fas € reg‘fuy!lar Iciattegen Wt hout aab%ndi. nga][_)ognt t he
pattern KEPPAGDE PAPPOCHRERMYRELRET I (i VA A fR2CEEHE) 25F 20958%- 2 and
th nmb f f.1- | [ j t,
selee(r:];J i O%Bo&%%%\#gg??ﬁhéé %g,?é%lti g%gvﬁalf:gg?émﬁér{dg‘g %&?ﬁ? elr{léé?:i?g%g I cation

and use GaRl thangonMiRnaKal Nas EpEETbaObe! el PUBRELED haceRsUTed with

certaint e present I nvention provi des a reverse osnpsi s nenbrane

modul g e%%ilﬁ%%d.i‘ﬂigtﬁ‘ifn@.e aPQMe SREM ledWHUANE1 8l /eI®RLMOERY ScEQYEREE
0osSnosSI' S menbr ane nodul e not only ensures the same effect as the above

i nventi oRgq Pata Bl SO 8l dHEoRGSYuALEL A ilr@ cR 1WAl Sf tReqNASEddY: vaekkity and
can be installed in a process line as is. The present invention (4)

provi des 31NQ¢eHing 9IS theefeeangagppasphusreqni pped wtihctheeabove
‘reverse osnosi s nmenbrane 25 nodul e. Wen desal i nati ng seawat er or producing
hi gh pur igxhiMaier a0l oppeessuvatiersd ahdvallows freed fwedtar itng fioecesses

usi ng the reverse osnosi s nmenbrane apparatus of the present 7 i nvention,
f eed wat erhivh hihiegl telrdsidiyt ymskihgds: dhfifiscwl bif owatiurbidthnatgpiadder can
be supplied as feed water to RO menbrane w thout pretreatnent) whereby the
wat eflOt r eat peaumuatem davWekeni hpcansedthe e nasstAREATHRT Tah be

m nimzed, and its 5 operating cost can be reduyced,, The .reverse osnosis

menbr ane tAwpdizecsion PREPRRAIERL AT ntR MM S WL GhEEkioBxPlemel y
hi gh industrial value. HRIEF DESCRI.PTI ON O:']H-’EE DRAE\VQIE? %%egi gurg,l is a
dr awi ng SHGWREFe e ¥ ARETe FOSPEEE PONPORE ARGSE RBAt T0 & present

( i o D ectional v . . . |

e 1 no basaamn - Eerbia A CRSR T s tiaalerth sl ki Re e ot KhEN B o0

is an enlarged pers t] view of part of the feed water spacer in Figure
1. Fi gurefa‘le sﬁaq:er(%)%% |a:é§t' wires formng the feed water spacer and (B)

second wires formngddhefeatt B SRAGH Laid-open No. 10-156152
discloses a feed water spacer formed from wires running in a
zigzag pattern from a feed water inlet side X to 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 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 passagde is formed respectively between the
first wires that are present in juxtaposition and between the
second wires that are present in juxtaposition, and

95 continuously extends from the inlet side to the outlet gside 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 5 is a drawing showing a feed water spacer in 20 another enbodi ment
of the present invention. Figure 6 is a drawing show ng a structure of the
.reverse osnosi s nmenbrane nodul e in one enbodi nent of the present invention.
Figure 7 is a drawing showi ng a reverse osnosi s nenbrane 26 apparatus in
one enbodi nent of the present invention. Figure 8 is a drawi ng show ng a
conventional feed water spacer with a zigzag configuration. 8 Figure 9
shows an outline of a conventional reverse osnosi s nmenbrane nodul e. BEST
MODE FOR CARRYI NG _OUT THE 1 NV I%P ? feeg W?ter acer of tHe pr esent
|nventloﬁrFSbPBPﬁgdt??Eﬁn61ﬁﬁ % ¥ BFQFPPS? v Qaﬁﬁﬁpgl P? of

trlangle, glven as ‘exanp Ires w

di mensi on %@q gag%)iggpgééecsgggﬂtf ﬂféﬂuféé%% i B Eegnage first

and secord ‘i € neanderi ng shape wt gent e curve ape

formey f(OBER IRl §1id WiNEAGWR kS qublls W210CH6hEIREITY Sehdihs i ven
as an exanple. A bending point refers t0o a corner formed fromtwo |ines

with an angke+t&N6s COHIYh REBRI Pat8W e Beshaperén sMvddh teseoEBer is
cut or rounded. Therefore, a shape neandering with a gentle curve doées not

include ane g#a@rakapa BSoshMe sdtdnidgwiee8s2, Asort hexampived Bectiues, a half
-circle 20 and an arc (part of a circle) formed froma curve with the sane

const ant orurthdisyr eurbdiduma tar shapea ofumihl £te the ing vwptenad iradioyer a

conti nuously changes such as a sine curve, and the |ike can be given, In
t he case lahd Iperiald ofi tdime.or the arc (part of a circle) forned froma
curve with constantly the sane curvature 26 radius, the curvature radlus
may B8 in the remdehiof menmey;, mnﬁnt%éeﬁﬂewért&m pragess pygPRALd| f t he
curvature radius is less than 10 mm flow of feed mate tend tQ stagnate

and tur bllwrg?tOf@éteer|t51IesnﬁﬁySB§uSEBﬁﬁ1FP%‘?%o°%ufr’| BEECH 8?% Ee i f

nore than 10,000 mm formahility is inpair ing it diffic
fabri cat dashEOFBEHS R Qanbage?ng%rdeﬁé‘ chfgeﬁ(H gﬁft%assag%e e'Ilne curve may

b h I
e e R, MR BT A

Fescri nsion or an |rregul ar

pattern sh; 51 dPregLr%fsh% oSl %%%a% apphihbugde gkaduakli ¥ rehanges in the

Iongltudlna i'on of the water collecting pipe or the direction
perpelg](cjl %tl-b‘?:'h%t RemBPEnt A TEfeShME iny TBHE PéERH T} icd N vhaw,of ease
on.

10 of abrlcé{
conventional pretreatment of feed water cannot be omitted. 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, it is difficult to industrially fabricate such
a structure because the wires are not connected with the other
wires.
Accordingly, the present invention provides a spiral
25 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



Pref erabl e exanpl es of the shape neandering with a gentle curve will now be
described referring to Figures 1-4. Figure 1 is a drawing showi ng a feed
-wat er spacer of this enbodinent. Figure 2 is a cross-sectional view,
wherein (A) is a viewalong 15 the line A-A and (B) is a view along the
line B-B of Figure 1. 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 form ng the feed water spacer.
In. the Figyres feed ,water spagcer_1l.has.a gently 20 ne ri hape
forned fP&H* %céf\(}e”(ﬁ i B39 &gﬁ?ﬁﬁrﬁﬁhﬁ?nfeoelf?wﬁg:%eﬁ&?ﬂgia%%?‘ﬁt g,ge\avith t he
curvature radi us of, e I .0 ntin ngl The curve has
a wavel eﬁ'&ttﬁrL lisn?ltl tgti a%é%g? %gg%kogﬁg%nggagggglr% gggbﬁéggﬁi 500 mm an
anplitude Hin the range of 2-200 nm and preferably 10-100 mm 25 with the
ratio of the anplitude Hto the wavelength L being O . 02-2 and preferably
0. 05- 0. 5 p1lgeilddivke BF aREe INngENWrTONhas 1- 100 waves in one neter. If the
ratio HL, the anplitude H and the to wavelength L are in the above
rangeg) feed waiekifhoss the bheveeadnsabaedpassegei @entdhe imasdebirsg or
al nrost straight fromthe inlet side toward the outlet side. The feed water
spacer degsthetpreddatinlliat-entibhi ltavaicendalcs eidnex bens tee statdresgpasaage. 5
The feed water spacer 1 of this enbodinment is formed froma plurality of
first w rmexebhlandtaepinvahidbysohasecthouhdittlest ih exspidadgmenbrhae
above-described manner froma feed water inlet side Xto a feed water
outl et siedeméntAofshbentype Hingwhd ch)an rnvékonedyiseparptiopn BRAPERBAY one
menbrane surface 21 of 10 opposing surfaces of a separation nenbrane 20. A
f eed wat emdras fopd I3 ter EPansd BEewWweNngnarPupdt ther 8XE8TRAd t he ot her
adjacent first wire 11 in the formof a gfelc%/tlirreanderi ng curée f.,romthe

|

i nl etl0si ¢ reunfanencs R f aPLIRRALE WEFRHET SHP RSt AESUPUAR T8 er
23 al f t 1 f f_th 21. Th
D ond® i bl BRI o W he! Reb e wat et sbEREFoLah) BT BURRRRG 21 The
f f th ti 20. t i f d
Dot waon GPRIRERRE i Srp fhen wAl8:STe aL8EA 1B eLoRSRTIMELAt b9, | Of e

f f | deri ' ' Sl |
ormo e;{/%;{%;{g”?ﬁ% %E%ng%#'éf{?sg%{ﬁm%%g?thgke&l§é§lea12t-£|-) bt @rblgequt | et

side Y. OWs I'nt passage 24 al ong a passage

formed on, e SHIFGE Bhrtac FEHHANG 22ind 8 A uPhatbotal B fheckaed vater

passage fornme om one feed water passage 23 and the other feed water
passgge iy flkkahdhbh @ mal ADgtiBlindiedhlectiidae hhargemdEnd@drendiofg poi nts
25 or corners obstructing a flowin the passage direction. In Figures 3 and
4, 231 ingdicsd 88 e cohviehe ibaad feddwapassegesennd ik Fndiddmed edhe ot her
feed water passage. 11 As shown in Figures 1 and 3, projections l1lla, 1lla,
L 'td tife tdvanpdrest isirde oftheh@ rpsenite iomendion.the first wire 11
overlap projections 12a, 12a, " " " on the other side of the gentle curve
of the second wieceon®@inghe, tthe BFe2enhdnygnitdrhetl hProNd A58y SPLAFdi ng
points. In the same manner, projections 11b, 11b, " " " on the one side of
the gent Imemhrane ofl emgats & whiichean enyedqrasl sEBRERLLBRIMGMYFARSHE »
on the other side of_ the gentle curve of the sec the . two wres

bei ng0j oiwrtndtann b8 aﬁﬁiﬁeﬁd‘adoicrﬂ@u.mfﬂ?&n&feor%g,d atwﬁr%’%aﬁ%étfnggtﬁgt ween
one 10 first wire &1:800: 506 AdL ARG o F584 Wi L5800, Wifesl &l 2iee
feed water spacer is formed from first wires and second wires,
each meandering with a gentle curve from a feed water inlet side
toward a feed water outlet side, the first wires run along one
95 of the opposing surfaces of the separating 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



bet ween one second wire 12 and the adjacent second wire 12, each
representing the wwdth V of the fl ow passage, are equivalent to two tines
-the anplitude H in the enbodi nent shown in Figure 1. For this reason, if
the width of anplitude His determ ned 15 the width of flow passage V can
be determ ned. Another preferable enbodi rent of the shape neandering wth a
gentle curve will be described referring to Figure 5. Figure 5 is a draw ng
showi ng a feed water spacer in another enbodi nent. Features of the feed

wat er spacer._sho iLn Fiqur diffe r h egd_ wat er
spacer oPuﬁfaﬁFeg? kﬁﬁlsgéaﬁﬁgg g %§§$5$%§d.é%%e%??%%%]€£%éu%?ékgg?he f eed
water spaeer s

DU dilt BLOURE whrel HEcfli 24 BRCS iR VPE0a MR I paba b e 51 and

t he adj acent T WTe I stance between one second wire 52 and

the adj aggp! (RECEILeY L1282, aRACReEOnACRILSE B RO NOvikiUD 2h@latbe flow

passage, are equivalent to the anplitude Hin e enbodi nent shown in
Figure 5boil{ti@,dfa£,Séhéfwow%z%g%aﬁgssemegwTreié%ﬂﬁc@w enBugks PRAYI ded
with 12 proj ections 51a, a respectively on the |Iower side of the gentle
curves angepBOvaCeli @N6willin 22BpaeappetwdehywDhes hteapperisg dei tHhe
m dsection of projections 51b, 51b on the one side of the gentle curve of
the firsyenitle dirvatfeomestf eeddwater|iaflé: shdenialsefeedwadferpoofeti ons
52b, 52b on the other aide of the gentle curve of the second wire 52 . The
proj ecti eidelalongt hbel membrandesorfahe White gentlgimesrdénpratde
projection 52b on the upper side of the second wire 52. In addition) the
proj ecti ddovibgorltbetupperightie ofherefdye stacgumulifeqmpl tterbig
projection 52a on the | ower side of the second wire 52. The wires _are
j oi ned i matkedelevin |theifagdpwt bes pPagsadeganPe Fregitady FeRErGhter  spacer
la is forned. In the same manner as the enbodinent sho in Fbv%g el in

h

the #®iral et ®rasafend WYSd ofhi (@)t BE@Vhdersr t85a88PVEa 5P differs
fromthe feed 15 ter spacer_sho in Figure 1 in e f.l.ow_p wi dth V
(hal f t hBETORERA \éﬁeﬂfe@ﬁre"&?r?lﬁ\r’l\gﬂ? é‘éet?r% e asshsag:}géewilg%f &r ﬁéggggt ween

first w 51 and t th dj [ ALY 5 ¢ f

gent 1y mEHRTE Y 2CLr L 17 BACERER 1 Goks ad SPalld fevhrt [t b g

anot her ecd wal et , PASSA0GcY UAPY DS WEeE & 0RG, SahaNdoe peo§2zand ¢ he
In the formo

ot her adjacént” second wre a gently neandering curve from

the inlet g Ggemrﬁbép%fousbe& St de 160 /8l bboughrd he Thliewrbgut bembged wat er

passage tornmed fromone feed water passage and the other feed water passage

in t?BS eThQdsMRRh £@1%8 be H%ﬁ@@@&ib@eaph@éﬂéteexteaboﬂaiﬁg conpheed wi th
the feed water spacer 1 shown In Figure 1, the extent of neander is not so

si gni fi Caple RGNS NYcAECHMHEmAL 6B @nd it ik mwherieblysthd 3 ffefteothi ckness
of the feed water spacer is equivalent to or slightly smaller than the sum
of the ditareirvenoionie énsstedwieharar tdigtaecoftieiresenhiBNen§ipa t he
range of 0.4-3.0 mm |If the thickness is less than 0.4 mm, the pressure

di f f er endg)5pobviides agremesse| peneabenenkrang Boduka eaudpeedeid tho

accunmul ate. On the other hand, if the thickness is nore than 3,0 nm the

menbr ane taree@hosie FRd redi Membgagdee Sl eMEAS -f r Ot £ NESY BB WAt B?P ¥Pacer is too

small to use the elenent in practice. Al though the are nqQ.s ific
li mi 28t | eebranenpofnd pats R 8Hh tgeoga'f‘ﬁeeﬁg%%lt Vit ceérheggg)gfgﬁ an

2nd the camenid e B RLBRG HTTE (RS ToRA6SEReRy S guP2 o6 R PRough
apacer, TRTVRRSph S b e A% R PE PP o R 2 Fomithe e
present invention (4) provides a reverse osmosis membrane
apparatus equipped with the above reverse osmosis membrane
95 module. When desalinating seawater or producing high purity

water or process water for various manufacturing processes

using the reverse osmosis membrane apparatus of the present



15 vi ewpoi nt 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

nb b d di.ng. ,Th iral,.menh I f_1h
or osent  FAVENEROR: cEReBavalet W § A BNPad VoRArh: ri SUBATELEE Such as
i fil ti t us, trafil.trat] i
menr ancebRarH SACAPRArA RS Dheipy e P AL AELL o ROMERIELEE 0T ¢
. “reversé osiiosts 1 a
Chlor! devt EBRLS BrFRESaRTCAE f A EPRR e weter PR R e o

osmosi s FENDI AR 1 44, 3 JOVRL cdesal DAt CARACL A A R et edhe nano

filtration rane an 0se reverse osnosi s nenbrane have a | ower

desal § nabagaE3RgCEbyL! BAR GOMFRILLEY ST 9h0EEVSE S MBERO AN SmekbEakan
separate out hard conmponents particularly such as cal ci um and nmagnesi um

The nanoa%b%&'é%h%% PREY A AN dn 8RS Eoh AMRISLe PHEPSH Bs RRINEX BAEmALE al SO
referred 1o as an NF nmenbrane. 10 Any reverse osnpsi s menbrane nodul e that
i's equi ppegnWihRukBeiabovaidescri bed spiral nenbrane el enent nay be used
w t hout any specific limtations. For exanple, a reverse osnobsis nenbrane
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 t bRIEFt PESERICTIOYUNDEr BHEcDBAWING@Sper neat e water coll ecting pi pe 60
together with the feed water spacer. The surface is then covered with a
coven062. A telRdspopelstoppdragingaghoying sefeed vaker AP399s 163°R€ secured
at both ends of the spirally wound reverse osnosis menbrane 61 20 to
prevent iembpddmepsi A§ HShehededeRt ER¥SBHLPBl nenbrane el ement 65 is formed

fromthe perneate water, collectin i pe 60, .reverse 0s i\S. renprape 61)
cover 62, and tFéigé’src?oﬁel%Fo%%?SB%‘?g%&féar]alk’igﬁi'r‘él?eﬁlrfbnﬁz‘ﬁel?alaggnégps 65 are

connected by connecting §he at e wat er || [ j G0pii Bugach
spiral 25498%0FaR 1&%8@%&%%2?1”99aa"l(;%‘ﬁﬁé%?‘ r?xf%&{l%gﬁ%%oi n tﬁle1 Dr awi ng)
and are packed in a housing 66. A clearance 67 between the external
circunference of the spiral nenbrane el enent 65 and 16 t he internal

ci reygf erence Qr'fi(g{]ﬂee hoysi §19 86 d:5dY Qekedevitikeavhenes srale 63 thef eed
e

wat er “feed pip ot shown) for feeding feed water to the housing 66 is
installegé@% g SNG e eth@ nheygung €6. At the other end of the housing 66,
a treated water 5 pipe (not shown) connected with the perneate water

col l ecting pi perffh@dd SHARCeH) diesmtwdrep foriioy shewfpedswateral | ed.
The reverse osnosi s nenbrane nodule 69 is fornmed fromthe housing 66, its

i nternal gpmanemds, ()i pesondomilres) forandgt hbel fked YotPReAPEFEALi ng feed
wat er using the reverse osnosis nenbrane nodule 69 of this type of
structure, the Higporewh ers ia dravwigducdwwimndger freess Wk alsisgd®pdf at one
end of the housing 66. As shown by arrows in Figure 6, the feed water
passes thmmnnﬁenIﬂ&hﬂﬁiﬂﬁFQﬂoﬁwﬁﬁﬂapﬁﬁsﬁ§t63n8ﬁngﬁ8nteIescope 15 stopper 64
and is introduced into a first spirag nenbrang elgnent B9 e ARA L Of the
feed water passBESIYFR Sudf 2 Ira¥d NTPRPYHRL A FETHSELTE Shdd Dy &8 FE&d wat er
spacer between the nbr anes, af t.he first iy rane..el t 65 and is
i nt r oduc RFNF t“P?@‘r% e gkﬁdru%e r%é’nt?rnéengmgl%gr%n% tg‘élfb'lt' g 8?ﬁ§r%%gart of the

feed invention.

Figure 7 is a drawing showing a reverse osmosis membrane

25 apparatus in one embodiment of the present invention.

Figure 8 is a drawing showing a conventional feed water

spacer with a zigzag configuration.



20" water pernmeates through a reverse osnosis nmenbrane 61 and is collected
in the perneate water collecting pipe 60 as perneate water. Feed water
-passes through the spiral nenbrane el enents 65 continuously. The feed water
not perneated through a reverse osnosis nenbrane is renoved fromthe other
end of the housing 26 66 as a concentrate waste containing turbid materials
and ionic inpurities at high concentrations. Water perneated through a
reverse osnosis nmenbrane is renoved fromthe housing 66 via the 16
perneate water collectin i pe 60 .per rrefate wat er.t.The reverse 0osnosis
menbr ane nodul & UGS FRE¥ENAT QPN OTndl GREYSPEA OB £PSRTES the

nodul e equi pped vm'tg a %l urgl ilty of spiral nenbrane el enments as shown in

Fi gure 6°°8°Rs§ulME™STEGGI PBEd Wi th one spiral menbrane el ement, for

exanpl e. Although not specifically limted, the reverse osnpbsis nenbrane
apparatus of the present invention conprises at |east one or nore

above- MeRkEaN g DEE FBRS BARRIR RS o ThEANeNTRNYEER. @ feed water supply means
such as a punp, a feed water inlet 10 pipe, a concentrate water discharge

pi pe, gand a pergiRAatre W £f e fisHalta 08 £ HHE prAs ehReid €&t V6u ars dbemell Yy
supplied to the reverse osnosis nenbrane apparatus of the present

i nventi oromdYysitddaali ALET £1 # & widle®y Anand plaghaitpdvaisaicaaanwheegi ven.

Al t hough the turbidity of feed water treated by the reverse 15 osnosis
menbr ane rrPPAIny Wi thhe gemsenturreentomm ifeedovaseecidliealsliyid tai t ed,
the reverse osnosi s nenbrane apparatus will not cause a probl em such as
pressur e adfeeddwatee oholgingidé.t UrHexk mateemicakpenhdnct Lomicdthpyhl y
turbid feed water with a coefficient of turbidity of about 2. Feed water

i ncl udes t20 that eropeeseettiedahi ¢onfigevasiod df drha §irsroaad gegenparticl es
such as sand grains and water containing a dispersant for preventing scale
and floul iwigestheradiirelen bFiangleperBANTURFEIRELRCAMP I LD A5
suppressi ng accunul ati on of turbid naterials ip the feed water SB% er and

f .
menbr ane eX@MRAES - A¥1DES R sans §§ﬁ??sé8ﬂ1ﬁ‘?‘€is§|“]ey c4Q5Pfr 86FE*BPBAuct s,

Hyper sper se NSI 300 ,and per sperse 0 (bhoth nmanuf r.ed. Ar go
Sci ent i fi"(%“f,lgf"ﬁratév?é‘rrﬁ’:%, 8a5:‘88§ éf’trei.gel %lfﬁé ?g\gersgégggngé?ésﬂ

menbr ane apparat us_.of the present .invent.i.qn | etre t means
such as a coag&‘%t‘i}}e, Wefa}'{dgerfln%cfhr?é) B}alntg1 e lﬁﬁ%% lgglr%été I%tg%%%

Ther ef or th em j ' {.f : s I [ ' i Rkl zed,
and the %&&%e%cgﬁg%‘eyrdél}lﬁeg&ltg f:Ilﬁe %‘%??&lﬁs@t iﬁgtrﬁ(ﬁrgméis%glg menbr ane
appanat us J IS JeNAQY Adafie eNeaCHRREL i Nbo O £ L REE ELY BES Ca O6EDISE
menbrane ‘apparatus of the present invention will be explained with
referencgdindd BHER tivo THEe s GMEHSEn @RENSL. S Medkbahe rapges bl dacifdelown in
10 Figure 7 conprises a feed water supply unit 71, a front reverse osnpsis
menbr ane aradidpe 10Awhdett aheeanrnevet secwsnosisoureigst an@hegedloge70B
arranged in that order. The feed water supply unit 71 and the front reverse
osnpsi s rAMpaneanddulisg70itlare geotieccervedaes sed (REkrde @ @lIgRFe 72.
The front reverse 16 osnpsis nenbrane nodul e 70A and the_rear reverse
osnpsi s rehmense shown i FéBuzed cofdddiedubyed saGtaTy HEA éf:ér\f/gteer
di scharge pi pe 73 which feeds the perneate water of the %ﬁg}éreverse

osno$ls reatheaner e RARE PEAR G e ) £2E e EF QR HENTY SV fh&3M5dul e 70B

to further treat the primary perneate water.. 20 e rear S& :0SNDSI S
menbr ane FRFHANEER t7OBT YR ERESITG0EE i ﬁ?‘ﬁpﬁecfér}’éaf’ghmg}ee?uﬁ}’%%ﬁ%‘?é%%ﬁﬁpe 74

t hat discharges th er neat r d e i NS
condensed WY 551 8«%&%\/\%\,\@%5 %%{Aef‘@%%p%y%{é' %hngefr;%n%b?éev({eﬁgeosmsi s
menbrane modyl e 70ALS 8AULPREJLHL R By CONFENS IO exitaifc dipihaloge api pe 25

76. The reverse osnpsi's nenbrane apparatus of the present invention in
whi ch no é#ﬁb@m R Geldtt ol cASUi 8t ebristattad 8Retdend lcantvartenes se
osnpsi s nenbrane nodul e 70A, whereas a
95 radius, the curvature radius may be in the range of 10-10,000
mm, and preferably 20-5,000mm. If the curvature radius is less

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



18" " conventional reverse osnosis nenbrane apparatus is used as the rear
reverse osnosi s nenbrane nodule 70B. Next, a nethod for treating feed water
-using the reverse osnosi s nmenbrane apparatus 70 of this enbodinent will be
5 described. First, feed water is supplied to the front reverse osnosis
menbrane nodul e 70A by the feed water supply unit 71. The feed water is
treated in the front reverse osnosis nenbrane nodule 70A into primary
condensed water that is discharged via the condensed water discharge pipe

76 d i t 0.t i,s disch d viaith

per ?rgat 2%3&3%2’&%%&%@@“%%Fe%é‘%%ﬁic}ggégﬁﬂaﬁ\%@%ﬁeg’r I[iirf!sg‘tr;l]lr;%at ed in

th i dul,e _7QB int . t

that o GhednaPoafiSvRl: csdRia FEd N Brtdradi PR B L8 Y1 BELEREL D U0 U
trat t h i t f eqd j i 72 Vi

Che recy 2P AGDhLgat stk sbEl UdEy | Fhddy | C8C SMBRE' negnlkEhapyPEn 12 VI

concent gty 4ge 1 0¢BURLY RELIBALE MBLEN1 AP Yo AL hEAEN ia fead! | nat ed

inthe fro reverse osnmosi s nmenbrane frodul € 70A using the rear reverse
OSNDSES IEDL apet PO WL a /Wibe NéSg En lMLEnp 2 REHEE I Nd ¥ Ind RAprésedivaler . For
this 20 reason, all the secondary concentrate water can be recycl ed,

wher eby g eWatieh 6£GOVeFYedel £r ¢t e n fkipa@DFIwh BENGthd WRVEEERGER OSNDSI S
menbr ane apparatus 70 enpl oys the reverse osnosis nmenbrane nodul e of the
present igivampleauly YhaéhadTeurhdmdé®nimwfthellbndiratiénaal direcygtent |y
suppressed in the 25 front end instead of a conventional pretreatnent unit
of whi chdfhehleaatleri £oddleytiagoping dbur bhd darectabs, pehpengpandens
substantially utilizes reverse osnosis nmenbranes in two stages. 19 The
reverse ahEr®its .menbe aferegpatane iB0mpredprese pab hedine wigwerfotapemr kabl y
excellent quality as conpared with perneate water from a conventi onal
reveife edndsibsirattioane apparatus that is not equi pped with a pretreatnent

unit having a 6 desalination function. EXAMPLES Exanple 1 Lndustr' al wat er
with a turbidi tRrefiezabipiexanabesofi the ehage BRAMS MIRAY 5P E88E%i n a

2,000 h d ility test . he f.ol | ow. ti LLi
Gsing o Fede Hod bRy SEARRAHIE oA ETR P Ehe TBTThiic opSePRF Eat i on.
Performaac?ﬁof he [ eve %%ig?%g esecfr%rét%q.ngﬁggg?lgf Amas f¥BhYAREEE . by

measurin e? p%reas‘%ltﬂges rop armount 15 pernmeate water (1/nin),

and the Ganduelbvily ofoLhesDet [Ba1E AT yhaBLih al) 4o iiidy alofigage of

operatio ours thereafter. Arter the 2,000 hour operation,

the ngver Sh Sa EAEP' @) 1 WP Uy Lo Wi S HRRL b eHet ®- WhsERiGuEenditi ons of
tur bi1§ nattsnger ?3 aéh%m on (EH(;) tlhe fee%l wat ergspassage. The 20 results of

measur en%&];ua‘ree 3sh@Wani BnTabhed lpershébeivesuidw oFf pmkedfeyheolisedvati on
of the feed water passage are shown in Table 2. In Table 1, the pressure

drop and ydtexopseiet iivi it vgwnfe tthe misyumat eshwtse(ARifd risidi teeedobpinge val ues
converted to those at 25C . 25 (Reverse osnosis nenbrane nodul e A)
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,
95 with the ratioof theamplitudeH to thewavelengthL being 0.02-2

and preferably 0.05-0.5. In this instance, a wire has 1-100

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

10



A feed water spacer Awth a structure shown in Figures 1 and 2 with a
ratio of anplitude Hto wavelength L: 0.66, 20 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 enent A was prepared using this feed

wat er spacer A, then the reverse osnosis nenbrane nodule A with the
structure shown in 6 Figure 6 was fabricated. The reverse osnobsis nmenbrane
nodul e A was fabricated as one nodul e havi ng one spiral nenbrane el enent.
(Operati i fJ.0ns ress 0. 75 co trate ter flowrate: 2.7
10 n8/ ho%&e\%&%@ieq g'rrégga I?Jr%geeﬁ ,vef Ir%@ Fﬁg g%%‘?a‘ﬁa%%r:\@noé”% Iltljls\lgllhﬁg for 60

seconds fefed AUWS palieqbl yshing pesiaLs el destl Qg aligran (Qagr ation

conprising fully opening™the valves Install®ed 1 n the concentrate water

di schar ge. /i RR) Jeehl BRIt RLFa VAL Eoulrd it 1 HRY T Pife ORIIP ivd tBRMRLARE yMOdUl €
in 15 an anmount three tinmes the feed water feed rate in the perneation

treat mentgoe ol asxfdiafiid ik thybhinth vasila sdhaihd FeBalhet&OpagRbgat.e wat er
di scharge pi pe. Exanple 2 The sane 2,000 hour durability run as in Exanple

1 was20 carri eth®flecdniletet BpaT¥el GINEh b Wb AR Mdh tFX 8 Endd feseept for
using a reverse osnosis nmenbrane nodule B with the foll owi ng specification

i nstead o&f plheandtgr 8¢ HEABSI W rErlaaadmadpl erdl i the f esdond afires

per formance eval uation of the reverse osnosis nenbrane nodule B are shown

i n Tabl esl2l exten@ingb ifReher sbove ndbes or hivead rrearememdinam B) fleest wadeot t he
feed water spacer A a feed water spacer B with the structure shown in

Fi gure 5 inlet gidat¥dor feplivakpr o2utlel gbdedirel AAgeowR im EdguKgvel engt h
L: 15 mm_anplitude H 10 nm feed water passage width V: |0Onm_and

t hi cknes®: £he Fh¥shadipeepal SXtand RéOBINRNRAMPRRYT 2R 1 Fask) 2aPér spacer
A. Example 3 5 Industri al ter with a, turbidity of and _.conductivity of
20 naPm RRPASIER SHFERRS 0008 REARTBE} MRMERIPFIRS 20 ng b TFEeFEL s mosi s

renty ane PRI U5 o Cherlal L oMag, Bec!{LEA N poo g kod e, ] o

W Tig~ operating conditions. The

results of,.10 r e | uat.j t r mggs‘;m%i : e

appar at usadé’raé:egﬁo%mg!’rlg% aﬁﬁeég ggéér?%nﬁgg%‘gf& ﬁgﬁgﬁfe 1's or\?\l/_sﬁggr@gsul ts of
the rear %:f‘o 32 99ARY $iWRNRr aBeLABPSL AT U5 - s { REVE! sen@shRtes FRBRLANE
apparatus) The reverse osnosis nmenbrane nodul e B of Exanple 2 was 15 used

as the frQnteHiQYV&eeR ARy paHEyans AOdubca Paskhger Edkrme@YBHSEHESNDSI S
menbr ane nodul e) one nodul e having one 8-inch elenent, ES-10 (manufactured

by Nist o SaBareCof bhe. me¢mbra®s sedThEheeESndOvEred ays ex tetrl ad@hgr spacer
with a structure of grating net. 20 (Operating conditions) Pressure: 0.75

Mpa, conagid bdherwabtmabréhevsunafece 227 ofStheusprowimy dwenfrered wieth25C (for
both the front and rear reverse osnosis nenbrane nodules) , flushing

oper at i orsgfagra ttilom fremviiramey @0se dsfieed swakebreaesagelu ) is oflermedshi ng for

60 25 seconds per 8 hours. Exanple 4 . .
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
22. 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. 1In
Figures 3 and 4, 231 indicates one of the feed water passages

and 241 indicates the other feed water passage.

n



The same 2,000 hour durability run as in Exanple 1 was 22 carried out
under the sanme conditions as in Exanple 1, except for using a reverse
-osnosi s nenbrane nodule Cwith the follow ng specification instead of the
reverse osnosi s nenbrane nodule A. The results of perfornmance eval uati on of
the reverse osnosis 5 nenbrane nodule C are shown in Tables 1 and 2.
(Reverse osnosis nenbrane nodule C) The reverse osnosis nenbrane nodule C
was prepared in the sane manner as the reverse osnosis nenbrane nodul e A by
using a feed spacer .C with.the

smosi s rebrane modul e A
oS o el | Becth e AR Ebaiked a ARa o BEb ARG ARET A Tl o L e
H 20 feed wat i - S ! g

m"r})ndtehee oN@ %Idg%%sgﬂgc%gr%ﬂz ¥ur4}g£&&%§gi£€{ég‘}(}q€e§§l c]'vgrm I nst ea

of the feed water spacer nparative water was treated in

the Sarfepga@eeeiaﬁsiﬂzﬁa e 15 1. eCehle bRALraskREVOE "BRD & 1e

pretreatfrent unit was installed in the front end and an 8 inch el enent,

ES-10 (mapufacs ok Recntt @i Penks, Ghe twblwirds beafy Yysadednategge of the
spiral menbrane elenent A Industrial water with a turbidity of 2 and

condugt i ¥by18bp2Ag BB iNtMAS Theeheddne inbfnpr eipeajammionmiib201Hnd t he
pretreated water was further treated in a commercially avail able

conventi onal 'r eggr site 0sm® Ss isd erenib rtdee gendilee cuTire pEsthesf aret shibvm i n
Tables 1 and 2. Conparative Exanple 2 Feed water was treated in the sane
manner asli avexhaplpr@fedtiexseciRb t Hb,t lie ‘B 'i'noh thenehheESside of
(manufactured by Nitto Denko Co. , Ltd. i}zwas used instead of the spiral
nmenbr anetbearmritl ficurne gt thepegandmige h2 a thgripiivi yeseinghicteeduct i vity
of 23 20 nB/mwas directly treated in a comercially avail able

convent i ahdthe eversaprpiRsSIcsi nidbr BRETRBALE e Whie RbBE2RCSE A tHfpD one

pretreatnment. The results are shown in_Tables, 1 d 2. EH t he experi nent of
Corp3® at £¥&8ExuMbEel L ang fbe pAdaFPBESTHES UG S Ledleb Eo 1?1F31E°3 | evel

t bt ai t t t, about 8 h t t d at

tEE; S FE: E@Eﬁé&mﬁ%%sg%i‘é% ggfﬂﬁ‘ﬁghsgﬁﬁ sttt REShA P R0, SAORP L) J
A ut_ under as..Ln , exce

10 Fgr u§FR§ESeP§\JIBPSEQSS%§?§ Yret rt}%gﬁ%%%pégbggnéf hé{:hee%g%\img?\% P

speci ficat. i f : r 0 Sk S SRS Heduke Aigdhe results
are show%gi %‘g%a‘gﬁ‘]ieee%%%haeﬁpg\l/{éﬁég }gglrlrloggg %rl‘zbnbr ane@@me)sdul e [1) vvaégf abri cat ed

as one nmpdul £, P8 NP rRR80RPI §&lthe 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
90 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
gsecond 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

12



menbrane el enment. 16 (Reverse osnosis nenbrane nodule D) A reverse osnosis
menbr ane nodul e was prepared in the sanme nmanner as the reverse 0osnosi s
-menbrane nodul e 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 Application Laid-open No. 10-156152, specifically, a feed water spacer
wth a structure shown in Figure 8 with a thickness: 1.0 nm angle (8) at a
bendi ng point: 60, and distance between bending points: 5 mm was used. 24

avaior nB-MAFELANA D4 25080F REPPGFATELY SMoBb i Orel aptdf &t nder ot el
20. 0150, B3I HAES0 D A 1o S0 308 02020300 630 SbcamiTs uper

40. 0130. 8150, 4 2 0
1. @magétﬁévegp%zgﬁz%%%m{&?mﬁ%ggQ,aQQO?n%agg% \%pﬁgﬁgg%%lsg% 090 1Exam

le 3,.. bABLEe % diasd fc%x% Bakegk eue abgeryal i qmtcgrsf&ecdaﬁatsoepﬁé age
after 2 000 hoursExanple 1Turbid naterials are slightly attached. Exanpl e

2Tur b d mRkehi désceién I phbh¥caibashsah Exanpbe the( btRot SXJNoFDEheNO
turbid materials are attached. Exanple 3 (rear RO No turbid materials are

at t achedgexanel euédverdd dhebetoalisware 5. gthkyprdactiosh (H1essnt bha
Exanpl es 1-2). Conparative Exanple 1Al nbst no turbid materials are
at t ached 16eepas hdée wef EhanpliesfTwitbe dlmaverilabs eme ipreljediegk 5Rbeoheed
wat er passage. Conpar ati ve Exanple 3Turbid materials accunul ate mainly at
bendi ng pbenupped EBadeExafiptbs gedondheivewdd . alFpddidiatordds®e in the
pressure drop and no decrease in the anmount of water perneated,
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 water spacer la is formed. In the same manner as
the embodiment shown in Figure 1, in the spiral membrane element
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
90 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
95 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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and quality of the perneate water was high. The apparatus of Conparative
Exanple 1 was provided with a pretreatnent unit that required an
-installation area and installation cost, although 10 the results of
performance eval uation after 2,000 hours were conparative to the result of
Exanpl es. The apparatus of Conparative Exanple 2 had turbid materials
attached thereto in 25 such a | arge anount that the anount of perneate
wat er decreased to zero in about 800 hours. In Conparative Exanple 3, there
was a significant ingrease in_the pressure da%gaand,a decrease in the

anmount of wat erThﬁeFHéﬁi‘éesét°FrFé‘epéieﬁtd ppter tRfrt S egPeVat PBh. the

t .estimt t bl e | pbout. 3, 000 4,000 h )
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i nvention.1l0 ensures feeceog1

to fl , i der i
with a gé’r’ftrleearéur ve from éim%t‘légrﬁ'm‘/g?le?}?ﬁnaé?'pgﬁgep?e%%&eydr"‘\%gt'gfﬁgmelr Ie_tng
side al ofg LhE PRIOEANS: S hAGR Wb 0P Y LIRARIRELNG.08; 2rOPShCS! M al oht.

Ther ef or &, accunul at1 on ?T turblgﬂnater|g§s Int wat er passage can

be grgat |y %9%%&95'QQteEfih@?e%ﬁe%eXﬁﬁsEu?ﬁﬂﬁsh§tHPﬂ§i@”@eﬂ@d9$e or reverse

osnosi s nmenbrane apparatus o e present 1nvention is used, any

pret r eat g niiBaRs . Copy AHd Ataldy ndaed Lerenenmi dihddy bisdhby cneggnnot be

installe Therefore, the systemis sinplified, the installation area is

m ni m zed,, oapd, thite ¢R¥MbTaGRNabBal BekIGRIE s3@riheeBéhest mdd iR omevRESE
osnosi s nenbrane apparatus is thus innovative. Even if the feed water is

hi ghly t fichiddwsieterssaedr ds kbdushdl Bltorvaker thé hel enyatterindpeschbte.

accunul ate turbid materials and can treat the feed water in a stable manner
for a | onagthenighdtbére tamenn $heci £ pe dtimdataitrignishof Beal fl@wepas 28986

CLAIMS 1. A spiral nenbrane elenent, in which an envel oped separation
menbi@ne wiig thoviref &heufrked wea tert spaatr ciatcapbspeniats widh 36 hBa€e wat er
coll ection pipe together with a feed water sgacer, wherein the feed water
spacer i $hieopmpditpdm Hiinithg eaboddmendcofid® hpee, 1 &ch theafgBRi A8 with a
gentle curve froma feed water inlet side toward a feeq6¥@teé ogtlet si de,
the firstthg pealitndahig bhe Yrbedimenhedi Rygetrraced IdMFE EBBEPati ng 10
nenbrane, one first, wre .,and the ot her .adjacent, figpst wire farm one of
the feedak& BP ,%lf“l’ré'ra§é6’6‘ﬁdtw TR ﬁréla&ngof h%ﬂeot%ﬁee;& W%E%Fane
surface of the separation nemran n | dj acent
second wi%P&Egr nk SY%%P’?&%%? b g‘eﬁ%ﬁ?g‘r‘;g%’g%%&\eg ﬁgﬁgg%i%%bgiﬂlsogﬁ\%mhr@es and

Secoqg eri%%rpjoinQaBQ ¥09M§£&§9t9ngnar§o?9.nd%t%tod-sh?tn%%r apehBJapei Nt's.

can be used with no specific limitations for manufacturing the
feed water spacer. Fabricationusingametalmold ispreferable
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
95 in a membrane separation apparatus such as a microfiltration
apparatus, ultrafiltration apparatus, and reverse osmosis

membrane separation apparatus. As the reverse osmosis
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2. The spiral menbrane el enent according to claim1) wherein the neandering
shape with a gentle curve has a regular pattern w thout a bendi ng point,
‘the pattern having a ratio of 20 anplitude Hto wavelength L (H L) of
0.02-2 and the nunber of wave of 1-100/m per wire. 3. A reverse 0Snosis
menbr ane nodul e equi pped with the spiral nmenbrane el enent of claim1l1 or 2.
25 4. A reverse osnpsis nmenbrane apparatus equi pped with the reverse
osnosi s nenbrane nodul e of claln13 29 A ASS Af.Aa. A9. A3.Ay.A.A3 A
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=s10% & (WatarPspGbeFT_—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 wbund 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, reverse osmosis membrane 61, cover 62, and telescope stopper
64. Several spiral membrane elements 65 are connected by
connecting the permeate water collecting pipe 60 in each spiral
95 membrane element 65 using a connecter (not shown in the Drawing)
and are packed in a housing 66. A clearance 67 between the

external circumference of the spiral membrane element 65 and
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The reverse osmosis membrane module 69 is formed from the
housing 66, its internal components, pipes (nozzles), and the
like.

10 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 arrows in Figure 6, the feed water
passes through the spaces of radial ribs 63 of the telescope

15 stopper 64 and is introduced into a first spiral membrane
element 65. A part of the feed water passes through a feed water
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

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

95 66 as a concentrate waste containing turbid materiéls 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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5 equipped 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. As 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 is 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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One embodiment of the reverse osmosis membrane apparatus
of the present invention will be explained with reference to
Figure 7. The reverse 6smosis membrane apparatus 70 shown in
10 Figure 7 comprises a feed water supply unit 71, a front reverse
osmosismembranemodu1e70A,andaarearreverseosmosismembrane
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 further treat the primary permeate water.
90 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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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 70A into primary condensed water that is discharged via
the condensed water discharge pipe 76 and primary permeate water
10 that is discharged via the primary permeate water discharge pipe
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
95 front end instead of a conventional pretreatment unit of which
the target is only removing turbid materials, the apparatus

substantiallyutilizes reverse osmosis membranes in two stages.
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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

5 desalination function.

EXAMPLES
Example 1
Industrial water with a turbidity of 2 and conductivity
10 of 20 mS/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.
Performance 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) at the initial stage of operation and at 2,000 hours
thereaffer. 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
90 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,
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wavelength L: 15 mm, amplitude H: 10 mm, feed water passage width
V: 20 mm, thickness: 1.0 mm, was prepared. A spiral membrane
element A was prepared using this feed water spacer A, then the
reverse osmosis membrane module A with the structure shown in
B 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
10 m3/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
15 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
20 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. The results of performance evaluation of the reverse osmosis
membrane module B are shown in Tables 1 and 2.
25 (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
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H to wavelength L: 0.66, wavelength L: 15 mm, amplitude H: 10
mm, feed water passage width V: 10mm, and thickness: 1.0 mm,
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-10 (manufactured by Nitto Denko Co, Ltd.), was used.
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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SW[""10%&' ()- "10%&' ()- "10%&' ()- "10%&' ()- eFl/ 10" 10% 10%&' () -
"100& ()- "109& ()- "109& ()- "109& ()- "109& ()- !$rS4l/ 10" 10%& ()-
w1098 ()- "109%& ()- "109%&' ()- "109& ()- SWI["$)./9?ErS4l/ 10" 109%& ()-
"109& ()- "109%& ()- SW[""10%& ()- "10%& ()- EHKPUVDNAI/

carried out under the same conditions as in Example 1, except
for using a reverse osmosis membrane module Cwith the following
specification instead of the reverse osmosis membrane module
A. Theresults of performance evaluation of the reverse osmosis
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
the same manner as the reverse osmosis membrane module A by using
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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10" 10%& ()- SWI[""10% ()- "10% ()- "10% ()- "10% ()- bhnqtweFl/

10" 109 109& ()- "109& ()- "109& ()- "109& ()- "109& ()- "109& ()- y{~rX>I/
10" 1" 10%&' () - "10%&' ()- "10%&' ()- SW[""10%&' ()- "10%&' ()- W&l /

10""109& ()- SWI[""109%& ()- "109%& ()- "109%& ()-

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 for using a reverse osmosis membrane module D with the following
gspecification 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.
16 (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 Application Laid-openNo. 10-156152, specifically, a feed water
spacer with a structure shown in Figure 8 with a thickness: 1.0
o

mm, angle (0) 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
(M%?) - Permeate water (I/min) water (mS/m)
" ter 2,000 " After 2,000 - 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) Almost no turbid materials are attached.
Example 3 (rear RO) No turbid materials are attached.
Example 4 Turbid materials are slightly attached (less than Examples 1-2).
Comparative Example 1 | Aimost no turbid materials are attached.
Comparative Example 2 | Turbid materials entirely block the feed water passage.
Comparative Example 3 | Turbid materials accumulate mainly at bending points.

10

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

25
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"10%& ()- "109&' ()- "10%& ()- "109&' ()- nB4l/ 10"10%&' ()- "10%& ()-
SBWI[""10%& ()- "109%&' ()- "10%& ()- s=I/ 105W[""10%& ()- "10%& ()-
1"10%& ()- "109%& ()- "10%& ()- 11U i@/ 10y!10%3$& ()-;$ !y! 10%$& ()-;
y! 10%$& ()-;y! 10%$& ()-;' 310%$& ()-"10%& ()- ~sW/ 10y!10%$& ()-;
y! 10%$& ()-;$ 'yl 10%$& ()-;y! 10%$& ()-;$ !yl 10%$& () -; 12<} ~xX@

such a large amount that the amount of permeate water decreased
to zero in about 800 hours. In Comparative Example 3, there
was a significant increase in the pressure drop and a decrease
in the amount of water permeated at the point of 2,000 hour
b operation. The apparatus was estimated to become unusable in

about 3,000 to 4,000 hours.

INDUSTRIAL APPLICABILITY
The spiral membrane element of the present inventioh
10 ensures feed water to flow a space between wires meandering with
a gentle curve froma feed water inlet side to a feed water outlet
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 osmosis 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.

25
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I " #39&' ()dpacer OhR84BHAAYIe feed water spacer is formed from first wires
<=>?@\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{|}~
and second wires, each meandering with a gentle curve from a
feed water inlet side toward a feed water 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 equipped with

the reverse osmosis membrane module of claim 3.
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