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.relates to a nmultistage reverse osnosis treatnent nmethod for performng
reverse osnosis treatnment of liquid, in particular, desalination of salt

wat er, sea wate ke in a reverse osnosis separation nodul e
i ncor porating al\“\ﬁ@ﬂ “\w sis nmenbrane 10 el enment. Background Art
Recently, a sep 1.on ;t_echni que using a reverse 0sSnDSI S i s being
used widely for wat &P°¥06nver si on by desalination of salt /WWW !ﬂS
water, etc., production of superpum%@ﬁﬂs (@Qd the like. In,the of
desalinating liquid to a high degree by usrlrr%lqa reverse osrms‘%og""%’mnbrane

nodul e, there is a known nethod for supplying perneated water of a

first-stage reve i g,gb &ﬁ?@w verse
osnosi s nmenbr anei\m&ﬁigﬁéﬁ %@$Ep(g$ rﬁlléng@esa ina iﬁéﬁq‘ 20

2000- 102785 A, etc.). In this case, the perneated water of the first-stage
reverse _osSnpsi s, rane nodule is used in the second-stage reverse 0osnosi s
treat ment. Id; ¢ g required to obtain a maxi mumrecovery ratio

(ratio of the antrid pafsepeiieativn mwhites tolbtmultstage rbvdres pembsiso t he anmount
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preci pi tat gyl gi;val rati-gﬁeiﬁ&fhﬂrﬁn?&?irorgﬁﬁgﬁ!lt%v%ig% SfofdaRnlirahkeat i ng raw

water containing a large anount o Ica, | e effective that supply
wat er tl9 t e’eBbnd- st age reverse osnosis 30 menbrane nodule is supplied in

an alkaline state so as to increase the solubility of silica to obtain a

hi gh recov$é]ra_ti 04 EF%rther more, even in the case of treating boron that
i s dissoci ion state at EH 9 or nore, the blocking ratio of the

raversg osnosi s rdedenslyea wep dratimsptechnigquebosing ai reversesrsoeasisgmembnanien this
regi on, :SGt . . - I osnosi s
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case wHér e VAtEIsefispInyodia¢ nf’fgs‘%ﬂ?épgé%b’ﬁ&ersﬁéaé Pz’b"é%‘ sénégﬁﬁg?%og‘renbr ane
nodul e cont @égadinatingdefuidte W highfddgrenby usirang 2ea8e oomdsiswhembaanenbr ane
material of the reverse nosi S natrgang m ule is é%tgl rog?%lc

pol yani de, PaFTHe ﬁ‘%’?ellﬁ,aoi&%‘ﬁ%ﬁ%%go R SEPRENEP YIRCYUEC G Pt Fon of the
total aromdfirst-spage revetise osxnowus diergbrane modulaitya sgconidestage zenayse of the
present i nvenh Q8 indibidieindilie aﬂ&‘f&ﬂ%ﬁeﬁﬁé%i’iﬂ:?r{gedé i gl (ypwater to the
second and su seﬁﬁent stage reverse osnpsi s nenbrane no %lg set in an
al kal i 78 st20Q0- §§6IA/@§F-1:arIBdg‘é% gasep Hae permpgatedaywates ot $is8leBRt e t hat
i's ﬁ reduci Rgreée GGRGNIs ?ferﬁbi‘aﬁi’ei medultn?eeig ulfs@d iﬂith'?_rsfaaﬁid-sl@g_a réy&@isem i nt er act
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per f or manceratid {ratiotof he extaunitiof permsadswateruohsaisted withrmespect thdher esent

i nvention has HREBf ehhl§\Uestes? @s to solve the above-nmentioned problem and
its object 1s to frﬁ;ll de a.nulti stage reverse .osnosi s@}eatg&gt met hod i n
3 to$

whi ch t4¥ separ at aeaseof satting recavery gatingt 43 pRps FLECHELDSI s
menbr ane noghtiein siwchha ghngd asubtitcallowaoluble salt to exceed its saturation

solubility due to condensation to be precipitated in water. Therefore, for
example, in the case of treating raw water containing a large amount of silica,
it may be effective that supply water to the second-stage reverse osmosis

30 membrane module is supplied in an alkaline state so as to increase the
solubility of silica to obtain a high recovery ratio. Furthermore, even in the
case of treating boron that is dissociated into an ion state at pH 9 or more,
the blocking ratio of the reverse osmosis membrane with respect to boron is
enhanced greatly in this pH region, so that the supply water to the

35 second-stage reverse osmosis membrane module may be supplied in an
alkaline state.




20 separated and purified to a high degree, and boron and the like that are
.not dissociated in a neutral region can be separated at a hi gh bl ocking
ratio. In order to achieve the above-nen%ioned object, a nultistage reverse
osnosi s treatnment method of the present fnvention is characterized by~
subjecting liquid to reverse osnosis treatnment in a first-stage reverse
osnosi s 25 separation nodul e addi ng an al kali agent to the obtained
perneated water to adjust a pH value of the perneated water in an alkaline
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met hod of t {¢l pobeberkhibivanti on) di ssol ved carbonate ions (HCOs), and iron

or manganese ions, which inhibit the original performance of a reverse
osnosi s nenbrane, are not substantially 15 present in a system Therefore,

whil e t¥e oDiglemire of fevéretiin separati on function of a reverse osnosis
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supply wat essrosibk Qr@nmemsn@tmﬂ 1ﬁame1chEh@ s%pbiatmmﬁetfﬁrxﬁﬁﬂéd éfdegdnd bor on
generally is boric acid I i i
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per formance o reverse osno 0 OFOﬂ ‘is

enhanced. Thus, i prergp aghiqye the aémdﬁme%@@d ohjeet, armﬁl&}sé?g% KV98Bdcki ng
per for ”Bnceos}floélgitﬁéhthﬁexﬁﬁh@ﬂﬁﬂcbf the lp&bﬁﬂfﬁheenmdm iéharasrerivedns  pH exceeds

11, which exce ab e H ran Vers snosi S, .nenbr an t he
perfor mance” clfggtﬂné 3\% oemovsf3 ﬂ’ggﬁ glen aéc rg é%ige ?SéP§S18 t he
above- nént | senstapionimogdulef ed@smlgyan alkaﬂ)r&‘lgﬁ tofthe obtained p&nmeﬁtﬁthpt@f erably
in a range Rica Guls® a YH vﬁ&@&ﬁﬂe@rhé@@d‘%&@r Hﬁaﬁ“iﬂ%ﬂn?@r@g‘ioﬂ et the pH

val ue of su wat ér i.n re kal I droxide nmetal is
pref erabl e. P‘Eﬂtﬁ%ﬂ ?“bi?%ﬁ%&a]a"ep%flﬁ? W%&%ép Ir%YﬁrSF’ ﬁs’g@ﬁﬁﬂir??tt‘?e’i‘wnwat er, so

that it is seondtandsulsBequent stage reverse osmosis separation modules, wherein

r—rk

supply water to the second-stage reverse osmosis separation module is

30 subjected to at least one treatment selected from deferrization,
demanganization, decarboxylation, and addition of a chelator and a scale
inhibitor.

Brief Description of Drawings

35 FIG. 1is a process diagram showing an example of a configuration of
a reverse osmosis separation apparatus of the present invention.
1...heavy metal treatment apparatus, 2...raw water tank,



35 Furthernore, by adding al kali hydroxide netal to set the pH val ue of
.supply water in an al kaline region, boron can be separated effectively, and
a scal e caused by netal ions is not generated. Therefore, a phenonenon, in
which a 4 scale is deposited on a nenbfane surface to decrease a
treatnment efficiency of liquid, can be prevented. According to the

mul ti stage reverse osnosis treatnent nethod of the present invention, a
reduci ng agent may be added to permeated water for the 5 follow ng reason.
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of disinfecting an operation system of areverse 0SNDSI S rane ul e,

and a di si n?%??lﬁéeﬁg attgn med Ei‘/?nénc’@& exrhange fgver 5e€ﬁf69‘hge§§§§rﬁuft

chl roi ne or wiater tandle. As the reducing agent, a sulfite or a bisulfite

preferably is used. By using a sulfite or a bisulfate with the 10

above-nenti oned d| si nf ect ant desal i nat ed water or the like can be produced
Best/Mode for g B Wit hout any influence such as
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di si nfectant. Accord tistage reverse osnpsis tre nt et hod
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such as isopropyl  al cqh and a solute s boron at, a high bl ocki ng
ratio. According {*6corft &rtﬂthestrag@n%t/@ﬁé d)g RreseRiMYERELORe é@ived t he
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to supply walghid Oof‘e{‘ﬁe\rfe&%é@%xﬁ@g%{xﬁ%f&é&s‘%ﬁﬁﬂ&hﬁueﬁe%‘é Sﬁaﬁ’& ggpdul e, as

wel | as perneate € reverse osnpsi s separation
modul e bef operfaempaconf drevarseprmppisagembranemadybe capheeabaaced of the
first-stagerdfarieatdyse osnosis separation nodule after addition of an

| kal t. A t t {
Cherel nafter | ar of f ThiBatatd BEREPepdis eaPfenf Rasifiod pf fchte3ent
demangalf) zain\cermt(ohne tle¢ pHf vane oﬁlsupplyeWetareﬂef&rahly 1sMhor sxope.al The eat ment "),
a gener al R Q¢ x‘?égfgélx.‘e'agryméﬁm" entral 1§ Ef&eﬁ% abrb%gtcad?:?d r@ﬁ‘éﬁ%gﬁ can be

used. Exarrp es thereo I ng
addi ng an oisspginteyl Wy viginaty %fsn PUBAD c%’rdoh?rﬁ@ garyoth erblo pot assi um

per Lmnganat ésebarmdmgammeedsmlaglémbmﬁe?hb&ea@ﬂ bbfie @icid isahgscicﬁsit@ﬂ i ons
SucC as nman ese 1 ron | r a er an a er

Sassi gt he Dot A oBs R antukiae PeBR Akt R ke e ThEHREERE S s o
preci si2n f petfermagce ealme'eme ¢smeodi$ keembrarenwith ltelapeot‘é:t)zblormorq:)onents and

a nethod fop,Rgdidi0 Rty %ﬂ%%ﬂ%%fu@&fﬁhﬁﬂ?gvﬁg? Q%P%xﬁst}fé‘ﬂﬂ%Ehﬁ
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di oxi de to extedidzalanthi¢h ecdepds alhedumﬂgar;ﬁieang@dfimé\t@se ngnbhte l'iquid thus

PP tertng. mENBRRREier 35 bAfoRRTRRERFARIANARS: fbfiis Btmbfe SARE-LRE, S °"
renoved3by dherefors; thataboversientigneadipidtie greferably in a range of 9 to 11, and

more preferably in a range of 9 to 10.

As an alkali agent to be added so as to set the pH value of supply
water in an alkaline region, alkali hydroxide metal is preferable. Alkali
hydroxide metal is excellent in solubility in water, so that it is easy to handle .
35 Furthermore, by adding alkali hydroxide metal to set the pH value of supply
water in an alkaline region, boron can be separated effectively, and a scale

caused by metal ions is not generated. Therefore, a phenomenon, in which a



10 water to a reverse osnosis nmenbrane nodul e to perform perneati on w thout
.perform ng such prelimnary netal oxidizing treatnent. In order to mnimze
the interaction between iron and nanganeée and the dissolved HCOs and t he
reduci ng agent, it is preferable that thé supply water to the first-stage
reverse osnosis separation nodule is subjected 15 to deferrization and
demangani zati on. However, the perneated water (pH 5 to 6) of the
first-stage reverse osnobsis separation nodul e before addition of an al kali
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also referred to as “Mn removal treatment”), a general method for removing

heavy metal such as iron and manganese can be used. Examples thereof

35 include, but are not limited to: a method for adding an oxidizing agent such
as ozone, chlorine gas, air, and potassium permanganate to permeated water
so as to oxidize and precipitate metal ions such as manganese and iron in the



25 However, the chelator or the scale inhibitor may be added to the supply
.water to the first-stage reverse osnosis separation nodule, and there is no
particular Iimt. According to the present invention, decarboxylation is
performed fox the purpose of renoving H that causes the interaction of

i ron/ manganese. 30 In order to effect decarboxylation efficiently) it is
preferabl e that decarboxylation is performed in a state where the ratio of
di ssol ved carbon dioxide is large, i.e., at |low pH Because of this, it is
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There is no particular limt to a material constituting a reverse osnosis
.menbrane used in the reverse osnbsis separation nodule in the present

i nvention. For exanple, various kinds of,polyner materials such as
cel l ul ose acetate, polyvinyl alcohol, po?yanide, pol yester, and the like
can be 15 used. Anong them a polyanide type reverse osnosis nenbrane is
preferable since it is excellent in the separation performance of various
ki nds of organic substances such as trihal omethane (e.g., trichloronethane,
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permeated water (pH 5 to 6) of the first-stage reverse osmosis separation
module before addition of an alkali agent is subjected to decarboxylation.
35 Needless to say, the supply water to the first-stage reverse osmosis separation
module may be subjected to decarboxylation, and there is no particular limit.

As the decarboxylation method, a general method for removing



According to the present invention, in the case where sea water is used as
.raw wat er) perneated water satisfying the water quality criterion 30 under
the Water Works Law can be obt ai ned, exczpt for boron, by the reverse
osnosis treatnment in the first-stage reverse osnosis separation nodule. The
raw water supplied to the first-stage reverse osnosis separation nodule is
adj usted to be weakly acid so as to prevent precipitation of calcium
carbonate. Therefore, boric acid is present in a non-dissociated state. The
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wat er. Thusliqhﬂf" (srﬁ%tpﬁp Ga@Mo thbirst stage) to be used. In general, the
30 concentration of the added disinfectant is about 0.5 to 10 ppm. Furthermore,
the amount of the reducing agent depends upon the amount of the
disinfectant; however, in general, 3 to 6 mg of sodium bisulfite is added to 1
mg of chlorine.
According to the present invention, it is preferable that the
35 above-mentioned decarboxylation, Fe removal treatment and Mn removal
treatment are all performed. Practically, an effect can be exhibited by
performing either of them. In this case, the concentration of HCO3- and the



contribute to closing of waste water. In addition, the nethod can be used

. for condensation of an effective conponent, and water treatnent such as
renoval of a harnful conponent of clean water and sewage. Hereinafter, the
present invention will be described mor & specifically 5 by way of exarrpl es.
Exanple 1 An NaCl aqueous solution (pH 6.5) with a concentration of 500
ng/ L was subjected to reverse osnosis treatnent, using a total aromatic

pol yam de 10 type reverse osnosis nmenbrane (Trade Name: ES20, produced by

Nitto De”k?og&%rgi’%ﬂﬁabﬁ %Piroﬂﬂﬁﬁ‘f miah@ a8 {Nsudipl¢ Hatento ik %tﬁﬁatsltgge

Bont ai i ng T8VEC BHSIS TaPaRALen RO m SF SREFTGHAREY apPATRI LEAPe LBe: um
bisulfite wqmnaihbatmémdnerﬂﬂr@nﬁmmmt ed water was decar boxyl ated to set the
STUE 2T, 1 HEy e R BB A5 5 Bl Man AL R B Bt ¢ L3
days unfer inventiandi Examples d&ﬁea&hﬂaagm‘enmludma]ﬂnab%tdrexmﬁe 10ed snFh,

using a Il K‘(ﬁgl everse
osnosi s nenbr.ane é?ﬂg aﬁﬁg%i{afm%yodu%hegg%%gm%ygﬂb%gra%?‘gﬁ on)
with 20 an aNeiQyes %r%ﬂbﬁ]ékeofl’*@@lh oxis met ﬁbﬁeﬁorrrance

of the flatsm@rm.@ﬁﬁexbemw iarermb bﬁboéthﬁaé @ﬁéene]i@l@bﬁbih@a«dth%@p&m@ ratio
wat er. (m./ e st 95110das

09 f f
(A fount ol B, ZIRALAIMALEL N ISR BO0Y 6 0ESHER et POdaagght o
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pressure of*® g lf)ie,g'gg{a% myféifé’ﬁjgg po ’djsentﬁ@s @ﬂé Eg?ﬁ@ 3%&d wat er
cont ai Abng WegpmAafiorgpthicnm dpslylamiide tmdrmrp@nsmbswmmhrammw cont ai ni ng
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of 60 &fr. li[aerhleomlssevdmbltedenmwornance of the flat nenmbrane before and
after the test. Mk IRPleS of a33binbPhRE Kirdd of 2irbPerbedhbMéis Mbmasgeat ed

include hollow fibers and a flat membrane. The treatment method of the

present invention can be used in any form.
According to the present invention, the reverse osmosis separation

25 modules in the first, second, and subsequent stages are not particularly

limited in terms of their shape, configuration, and the like. For example,

any type such as a spiral type, a hollow type, a tubular type, a

frame-and-plate type, and the like can be used. The flat membrane can be

used by being incorporated into a spiral, tubular, or frame-and-plate module.
30  As to the hollow fibers, a plurality of bundled fibers incorporated into a

module can be used.

According to the treatment method of the present invention, liquid is
subjected to reverse osmosis treatment in a first-stage reverse osmosis
separation module to obtain permeated water. Then, an alkali agent and the

35 permeated water subjected to at least one treatment selected from the
above-mentioned deferrization, demanganization, decarboxylation, and
addition of a chelator or a scale inhibitor are supplied to a second-stage



water (m/m/da )Before test99.51.130 da s after test99.50.9 As is apparent
.from Table 2, a | arge change was not recogni zed in the perfornmance of the
reverse osnosi s nmenbrane before and aft the test. 15 Exanple 3 An NaC
aqueous solution (pH G5) with a concenttation of 500 ng/L was subjected to
reverse osnosis treatnent, using a total aromatic pol yam de type reverse
osnosi s nenbrane (Trade Nane: ES20, produced by Nitto 20 Denko Corporation)
under the condition of 25C and an operation pressure of 0.74 MPa, whereby

reverse 0siFRbiSe PBIYsIPEED PREEIE M RFLYAKRErdbY P diniiated Qaler eppef iron, 0.05

ppm of man%ﬁne.se, 3 Egm of. sodi um bisulfite agd %ﬁl ggm of H \a/as

obt ai ned. PREMDEE Al AP dRaXMNIFCRNETNERESN 0 §i96A 08 theabave mrationeti 1y of

gener at i ng teeathedreth enayabe pdafotimied wiltk rpsyoressd e vap ey, wateraodhé he resul t ant

per neat ed 3 L. US 3 | OH. The perneated water was
LB gl

subjected to"a ¢C nuous ) : dys under the condition of 25C
and an 9per at i on Hereswaftey, tie prepent/myentionnyilbhbe dascribmdbinadetadevithnade of a

total aromghicreR@ ¥PEHABAWiRBs ! ENRGSE sﬁm%h%mg%@%c%ﬁggrmtﬁ%f £520,
produced by Nitto Denko CorpqQration) wth 3Q ag effective nbrape area of
60 cn. ISquéBIOénE)S%%PaBP‘BERiaﬁpﬁéﬁ“'iué‘tsn?glﬁft B REenipRY PRIAR R d e r

(T rrg{ ng da )aP@hﬁaﬁlstiﬁehﬂfés‘hlhééi@' wata t@éam(ijer;taﬁetv%% B%I?eﬁ&ﬁﬁg@é]fﬁif(ﬁm from
apl e o, aqlar GchanRge \Was ot recognized I n.t per T or. ce t he
Tover s, oo MBI DR HERRRTR 1458e DRy LARATRD BB enirdedd AR GARE SR 1H9Y,
aqueoud0solwatieotaiik B for Sjormg raw veatec erlfhatrawwater 30Supplidd wes subj ected to
reverse o0s i. t | : tq ] rse
bomosi o e, atdeedRy IRt dadhehRlish (AOQER JIUROLR R GRnopBE QLT 2P o)
under the CUMIEPY dustptagsaespseAsMNsEY Hepbnent searfamad. o Inthepa, wher eby
reverse OsHst-stdgRienare deidRasqrhratibs medileah firsgstheepepMBatéd wadey 0. 03

f di bisul fit 30 . f H .
obt ai ned. THERAE° %Eﬁ?‘)gkf’iof RO Reibaistoupite aBR RoShmaEShni ity v
gener albng paovidedat raviaded wateris tpanspatetitodliesiop exShange tower 4sul t ant
perneat ed vglEfNeGeAh detethokPlaidnl@epbihh NaOH  The perneated water was

supplied to a spiral type reverse osnosi.s nbr.ane_ el enent (Trade. Nane:
ES20) produced bfi}ﬁ RQISERA SV AtEF sebisetedtorfegarkaxylation snigenergrded faide
type conpl excérlrstape uppds wataretinlonein dbedestyrddehdreineatdedllvai ggertas

subj ected t(RIa%)I&PQItl % lézfatfolr %\fvats%gfe ifll?liibi%(())r adraey i%jéjc@g(f to the permeated
20  water in the supply water tank 5 through a pump, whereby the pH of the
permeated water whose pH is in a range of 5 to 6 is adjusted in an alkaline
region, preferably in a range of 9 to 11. The permeated water that has been
made alkaline is supplied to a second-stage reverse osmosis separation
module 32 through a second-stage transport pump (not shown), whereby
25 second-stage reverse osmosis treatment is performed. The permeated water
obtained by the second-stage reverse osmosis treatment is taken out from the
second-stage permeated water discharge tube 321.
According to the present invention, in the case where sea water is
used as raw water, permeated water satisfying the water quality criterion
30 under the Water Works Law can be obtained, except for boron, by the reverse
osmosis treatment in the first-stage reverse osmosis separation module. The
raw water supplied to the first-stage reverse osmosis separation module is
adjusted to be weakly acid so as to prevent precipitation of calcium carbonate.
Therefore, boric acid is present in a non-dissociated state. The content of
35 boron in the raw water to the first-stage reverse osmosis separation module
generally is about 4.0 to 5.0 ppm. The content of boron in the first-stage
permeated water does not satisfy 1 ppm or less of the water quality criterion



20 the condition of 25C and an operation pressure of 0.74 MPa. Table 4
.shows the performance of the elenent before and after the test. Table 4
Salt blocking ratio (% fount of pe 2neaH$g water (m/m/da )Before
test99.47.230 da s after test99.56.9 25 is apparent from Table 4, a
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days after PELEPB2 SEHY P
15 reverse osmosis membrane preferably is used, which has a salt blocking ratio
of 99.4% or more when operated for one hour at 25°C and an operation
pressure of 5.49 MPa, using a solution of salt with pH of 6.5 to 7 and a
concentration of 3.5wt% as raw water, and as a second-stage membrane, a
reverse osmosis membrane preferably is used, which has a salt blocking ratio
20  0f 99.0% or more when operated for one hour at 25°C and an operation
pressure of 0.74 MPa, using a solution of salt with pH of 6.5 to 7 and a
concentration of 0.05wt% as raw water.

According to the present invention, in the first-stage and second-stage
reverse osmosis separation modules, respective modules (units) are connected

25 in series or in parallel, supply sides of these plurality of module units may be
connected together to a supply tube of raw water, and permeation sides
thereof may be connected together to a permeated water discharge tube.
Furthermore, by connecting a third-stage reverse osmosis separation module
after the second-stage reverse osmosis separation module, multistage

30 desalination treatment may be performed.

As described above, the multistage reverse osmosis treatment method
of the present invention can be preferably used for water conversion by
desalination of salt water, sea water, and the like, production of superpure
water, and the like. Furthermore, the method also can be used for removing

35 and collecting a contamination source or an effective material contained in
industrial waste water or the like that causes pollution, such as dye waste
water and electrodeposition paint waste water. Thus, the method can



25 As is apparent from Table 6, the blocking ratio was decreased and the
-amount of the perneated water was increased before and after the test,
wher eby the performance of the reverse nosi s menbrane was decreased.

I ndustrial Applicabilitx 30 As describedabove, the nultistage reverse
osnosi s treatnent nethod 15 of the present invention can prevent a
phenonmenon in which carbonate ions dissolved in supply water and sodi um
bisulfite that is a reducing agent of chlorine used for the purpose of
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10 t he dbi IbI)WB(YfO teixaouileg boron ions contained in sea water is high,
perneated water with a content of boron of 1 ppmor less (that is a

criterion \éﬁl ue) .can be obtai ned. 16 CLAIM5 1. A nmultistage reverse
osnosi s t r eBEAERLe det hod conprising: subjecting liquid to reverse osnosis

treatnent in a flAﬁtleag@xéoel\s@oﬁm&s i%ﬁvﬂh@@écﬁk@ﬁ&aﬁ%ﬁ%f%%dﬁ'gﬂg an
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Table 1
: ) Amount of permeated
Q
Salt blocking ratio (%) water (m¥/m?/day)
Before test 99.5 1.1
30 days after test 99.6 0.9
25 As is apparent from Table 1, a large change was not recognized in the

performance of the reverse osmosis membrane before and after the test.

Example 2
An NaCl aqueous solution (pH 6.5) with a concentration of 500 mg/L,
30 subjected to deferrization and demanganization, was subjected to reverse
osmosis treatment, using a total aromatic polyamide type reverse osmosis
membrane (Trade Name: ES20, produced by Nitto Denko Corporation) under
the condition of 25°C and an operation pressure of 0.74 MPa, whereby reverse



30 6. The nultistage reverse osnosis treatnment nmethod according to claim4,
wherein the reducing agent is at |east one sulfite or bisulfate sel ected
fromsodiumsulfite and sodiun1bisu|fit& 35 7. The nultistage reverse
osnosi s treatnent method according to ¢ %in11, wherein the deferrization

i ncludes oxidizing and precipitating iron ions by adding an oxidi zi ng agent
to separate the iron ions. 17 8. The nmultistage reverse osnosis treatnent
nmet hod according to claim1, wherein the demangani zation includes oxidizing

and preci p'dsﬁfdsﬂﬁm@ﬁﬂﬁ%ﬂ@ 1h@a§e(PWa@éidédMaﬁﬁn§>3' ﬁirﬁ'oﬂgo&ﬂ?@blsﬁﬂ!ﬁﬁﬁpar ate

t he manganes :? I ons | ti st reverse 0snosi s treat t hod
accor di ng ta@%c Q pRymy of |“Hﬁ1?-|91’é Qe %waatqwaggapeﬁeeyéﬁ nE& eat nent
sel ect ed fmhepeleméamdtwm1 avabeadubiedytogt A0 witheYa®Hr withsat bgingat er to be
treat od andcBhind@ldBoUSofkdds B BRLh IR LI HTUAEER oONt aCt,

treat nent eaer a eaerator,
t r eat neht lwnannpus flguntest &y 30 days undex ﬂ@a@tqmdmitlomyf 35anand ag afwaation or .

10. The nuld, b§§1ﬁ%%fr097’@l\/ﬁﬁa QRIRS h N At REMFRM e @@1 Hpﬁea&wo%ln&o&&t@é aiml,
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having the ability of genexatmg a chelate was added to the permeated water,
25 and the resultant permeated water was adjusted to pH 10 with NaOH. The
permeated water was subjected to a continuous flow test for 30 days under
the condition of 25°C and an operation pressure of 0.74 MPa, using a flat
membrane cell made of a total aromatic polyamide type reverse osmosis
membrane (Trade Name: ES20, produced by Nitto Denko Corporation) with
30 an effective membrane area of 60 cm?.
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As is apparent from Table 3, a large change was not recognized in the
performance of the reverse osmosis membrane before and after the test.

Example 4
An NaCl aqueous solution (pH 6.5) with a concentration of 500 mg/L

was subjected to reverse osmosis treatment using a total aromatic polyamide
type reverse osmosis membrane (Trade Name: ES20, produced by Nitto

10 Denko Corporation) under the condition of 25°C and an operation pressure of
0.74 MPa, whereby reverse osmosis membrane permeated water containing
0.03 ppm of iron, 0.03 ppm of manganese, 3 ppm of sodium bisulfite, and 30
ppm of HCOs- was obtained. Then, 3 ppm of sodium hexametaphosphate
having the ability of generating a chelate was added to the permeated water,

15 and the resultant permeated water was adjusted to pH 10 with NaOH. The
permeated water was supplied to a spiral type reverse osmosis membrane
element (Trade Name: ES20) produced by Nitto Denko Corporation made of
an aromatic polyamide type complex reverse osmosis membrane, whereby the
permeated water was subjected to a continuous flow test for 30 days under

20 the condition of 25°C and an operation pressure of 0.74 MPa. Table 4 shows
the performance of the element before and after the test.

Table 4
. . Amount of permeated
)
Salt blocking ratio (%) water (m¥/m?/day)
Before test 994 7.2
30 days after test 99.5 6.9
25 As is apparent from Table 4, a large change was not recognized in the

performance of the reverse osmosis membrane before and after the test.

Comparative Example 1
Reverse osmosis membrane permeated water containing 0.05 ppm of
30 iron, 0.05 ppm of manganese, 3 ppm of sodium bisulfite, and 30 ppm of HCO3-,
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As is apparent from Table 5, the blocking ratio was decreased and the
10 amount of the permeated water was increased before and after the test,
whereby the performance of the reverse osmosis membrane was decreased.
Comparative Example 2
Reverse osmosis membrane permeated water containing 0.03 ppm of
15 iron, 0.03 ppm of manganese, 3 ppm of sodium bisulfite, and 30 ppm of HCOs-,
obtained in the same way as in Example 4, was adjusted to pH 10 with NaOH.
The permeated water was supplied to a spiral type reverse osmosis
membrane element (Trade Name: ES20) produced by Nitto Denko
Corporation in the same way as in Example 4, whereby the permeated water
20  was subjected to a continuous flow test for 30 days. Table 6 shows the
performance of the element before and after the test.
Table 6
Salt blocking ratio (%) Mzgz;t(ﬁgif;? ;aa;t)ed
Before test 99.3 7.4
30 days after test 52.1 15.5
25 As is apparent from Table 6, the blocking ratio was decreased and the
amount of the permeated water was increased before and after the test,
whereby the performance of the reverse osmosis membrane was decreased.
Industrial Applicability
30 As described above, the multistage reverse osmosis treatment method
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the ability of blockmg boron ions contained in sea water is high, permeated

water with a content of boron of 1 ppm or less (that is a criterion value) can
be obtained.
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0z 10%.#L& 1.) ATRuktxstagé yboBirdd 98mosis treatment method comprising: subjecting

liquid to reverse osmosis treatment in a first-stage reverse osmosis
5 separation module; adding an alkali agent to the obtained permeated water
to adjust a pH value of the permeated water in an alkaline region; and
further subjecting the permeated water to reverse osmosis treatment in
second and subsequent stage reverse osmosis separation modules,
wherein supply water to the second-stage reverse osmosis separation

10 module is subjected to at least one treatment selected from deferrization,
demanganization, decarboxylation, and addition of a chelator and a scale
inhibitor.

2. The multistage reverse osmosis treatment method according to claim 1,
15  wherein a pH value of the supply water supplied to the second-stage reverse
osmosis treatment is in a range of 9 to 11.

3. The multistage reverse osmosis treatment method according to claim 2,
wherein the pH value of the supply water supplied to the second-stage
20  reverse osmosis treatment is in a range of 9 to 10.

4. The multistage reverse osmosis treatment method according to claim 1,
wherein a disinfectant containing chlorine and a reducing agent are added to
the supply water supplied to the second-stage reverse osmosis treatment.

25
5. The multistage reverse osmosis treatment method according to claim 4,
wherein a concentration of the disinfectant is in a range of 0.5 to 10 ppm, and
a concentration of the reducing agent is in a range of 3 to 6 mg with respect to
1 mg of chlorine.

30

6. The multistage reverse osmosis treatment method according to claim 4,
wherein the reducing agent is at least one sulfite or bisulfite selected from
sodium sulfite and sodium bisulfite.

35 7. The multistage reverse osmosis treatment method according to claim 1,
wherein the deferrization includes oxidizing and precipitating iron ions by
adding an oxidizing agent to separate the iron ions.
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11. The multistage reverse osmosis treatment method according to claim 1,

20  wherein the addition of a scale inhibitor includes adding a scale inhibitor to
form a complex with heavy metal or heavy metal ions, thereby separating the
heavy metal or the heavy metal ions.

12. The multistage reverse osmosis treatment method according to claim 1,
25  wherein the reverse osmosis membrane is a polyamide type membrane.

13. The multistage reverse osmosis treatment method according to claim 1,
wherein the reverse osmosis membrane is an aromatic polyamide type
complex membrane.
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