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Il August 2006 is 1 DESCRIPTION MILTI STAGE REVERSE CSNC?{%HTRgﬁg NT
METHOD + 5 Techni.cal Field The present invention relates to a A age
reverse osnosis treatnent nmethod for perform ng reverse osnosis treatnent
of liquid, in particular, desalination of salt water, sea water, and the
like in a reverse o0sSnosis separatioﬁ nodul e i ncorporating a reverse

. osnbsis nmenbrane 10 el ement. Background Art Recently, a separation

-techni que using a reverse osnosis nmenbrane is being used widely for water
conversion by desalination of salt water, sea 15 water, etc., production
of superpure water, and the |i KBESCRIPITEONase of desalinating liquid to a
hi gh degree by using a reverse osnosis nenbrane nodule, there is a known
met hod for supplying perneated water of a first-stage reverse osnosis
nmenbrane nodul MUDTESTHEH0 REVERSE OSMOSEETREATVELISTMBPHO®E nodul e and
further performng desalination (JP 20 2000-102785 A, etc.). In this case,
the perneated water of the first-stage reverse osnpsis nenbrane nodule is
used im tMechaecdMiE$t age reverse osnosis treatnent. Therefore, it is
required to;obt,ﬂ}ijn a rrgxirru rec ert\[é rgiigg(eratip of the anount of
permeat ed wat er SOt AT HEA VAT E QRSP & B HFLageHeReISe O¥POLippl y water). 25
| n the catreatshentanethng for performéng ravarse@smiosisitreatmeni ofdduid) iset t he recovery

ratio in sgtftubar dREEnASor G saltOwalel, Q¥4 H2kathed BRIIIKIR £6668d 1S saturation
“solubility due to condens&tlon to ban reméolltated,l n ter. Therefore, for

exanpl e, PiM9TRSPaLNgmpduls incorpera tIEYCIER PR MGURIARE ge anmpunt of

_silich) elemeny. be effective that supply water to .the second-stage reverse

“osnosis 30 nmenbrane nodule is supplied in an alkaline state so as to

I ncrease ﬁhek sol ﬂility of silica to obtain a high recovery ratio.
Furt her ¢ t he

Recently, a separation technigue using a reverse osmosis membrane
is being used widely fox water conversion by desalination of salt water, sea
15 water, etc., production of superpure water, and the like. In the case of
_ desalinating liquid to a high degree by using a reverse osmosis membrane
module, there is a known method for supplying permeated water of a
first-stage reverse osmosis membrane module to a second-stage reverse
osmosis membrane module and further performing desalination (JP
20 2000-102785 A, etc.). In this case, the permeated water of the first-stage
reverse osmosis membrane module is used in the second-stage reverse
osmosis treatment. Therefore, it>is required to obtain a maximum recovery
ratio (ratio of the amount of permeated water obtained with respect to the
amount of supply water). ‘
25 In the case of setting a recovery ratio, it is required to set the recovery
‘ratio in such a 'range as not to allow soluble 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 horon 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 supplg'r water to the
35 second-stage reverse osmosis membrahe module may be supplied in an
. alkaline state. . o




case of treating boron that is dissociated into an ion st g@é)
nore, the blocking ratio of the reverse osnosis nenbrane ect to
boron is enhanced greatly in this pH region, so that the supply water to
the 35 second-stage reverse osnosis_nenbrane nodul e nmay be supplied in an
al kaline state. | | August 2006 2 Fowever, in the case where the supply
water to the sRGRWEr ShAUE catE¥h gslel ntains a trace
amount of iron or mngangge@?éoﬁieeth%%@?’fwgﬁ%b{ﬁcggﬁat eﬁ%ﬁggf t he reverse
0SNDsi s TPHERT eRosip Mmebyane rapdile sprfining 2 tyase amiwy, Ofplalrntqrcul arly,

ManNganes g dr3Afesd 1S, ewhgﬁ a%@ﬂﬁ%?e‘ ﬁl'&?él‘lﬁfofttﬁg rb @l o@hOUEL I C pol yam de.

According to the stu I nventors of resent 1nvention,
e tetste

parti cul Hempranemog ﬂm@mﬁb&wﬂiﬁppm , menganessvOnd and _
subseque@éusesbha%c&ﬁﬁeél%n%%@P@t&iamagﬁep(g? (ges is set in an alkaline
state, dissolved carbonate ions WOO and sodiumbisulfite that is a
reduci ng  agefiecaslingniodiieribudys by the invensinsiod he nresent inveationnt er act wi th
10N or pERRARARSE the cLCORRE: SRR wilel FiHeCeRRANAR difsffuchie I everse
osnosi s ~ menbrane nodul e, wher eby original reverse osnosis nenbra

per f or mafi@ge Tayqrse pomosis Tesmbrinesnodwes i spfinamnvilkplive staten D scl os ed

her ei n i 8is8010Hd thiHoRdEe RO mgoﬂl% TORLARAL tﬁ?t;ﬂ%dredh@hg,h' ch the
separation perfornance of secon sequent reverse si s menbrane
modul es P&eTHigiihloringuiseddan disénfeeting asgateanintpradtiitliinos ora hi gh degr ee,
and bor o8Bt detol deébmbBal tth Laldlarll S04 et th rBvdilbbbeis! €01 0N can be
separated at hi gh bl ocking ratio. The t1 stage reverse osnosi s

treat mnmemﬁ%meéwecwhwebx @ﬂ@r@brﬂvememgmusqmmbme Peviermenes nosi s

t r eat men{yili Rofbd bESibiteage reverse osnosis separation nodul e; adding an
al kali agent to the obtained perneated water to adjust a pH value of the
perneated water in an al kaline region; and

Disclosure of Invention

Disclosed herein is a multistage reverse osmosis treatment method
in which the separation performance of second and subsequent reverse
osmosis membrane modules is high, liquid can be 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 high blocking ratio.

The multistage reverse osmosis treatment method can comprise:
subjecting liquid to reverse osmosis treatment in a first-stage reverse osmosis
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 module is
subjected to at least one treatment selected from deferrization,
demanganization, decarboxylation, and addition of a chelator and a scale
inhibitor. _

In the first aspect, there is provided a multistage reverse osmosis
treatment method comprié.ing; subjecting liquid to reverse osmosis treatment

in a first-stage reverse osmosis separation module; adding an alkali agent to




further subjecting the perneated water to reverse osnosi s, jreat in
second and subsequent stage reverse osnpsis separation rrpbtf\(‘%g“ q&ﬁéﬁ ein
supply water to the second-stage reverse osnosis separation nodule is
subjected to at | east one treatnment selected fromdeferrization,

dermangani zati on, decarboxyl ati on, af addition of a chel ator and a scale
inhibito ' AR dm o ' . tistage reverse
osnosi s E)F Iraﬂélg%ttﬁgﬁﬁt%{at tggﬁgonpr F%%S% Sg%gj gg%(ljis_%ggrfl?sdg?%)atr%fu?lgver se osnosis
t r eat mentnodule tp 4djnsfia ptlaglue efithe perneate ém‘o@:epaamalkghnmm@td_ gr?‘: adfllhng an

al kal i agegpt el t t | romthe
first-st %gg ﬁrd(;at\glgl}%%Jos%ﬁhggggg%%%?%%ﬁ)nﬁg?e%f) %513%] E%fa Plg I.pl)ii—}nval ue of the
per neat ed@ sgeansy stpge wgventelaamonis sepgiagion medwdef urt her subj ecting the

permeat ed wat gihd@nthY %%&%t&%é rﬂ-%bxss.eto%ﬁ%%ig%@]%aﬂa?ion%&tﬁﬁé)ﬂl%hlscfegge reverse
osnosi s separation nodul e, erein the Tirst-stagé reverse osnosis

separ at i §everriedneosisyepdssnehaving essl hdenking mtmﬂﬁ)ﬂfr aﬁ/emtmrmgt azg aICt .

bl ocki ng [ 49 o(MIED M "C and an
operati onﬁ}%%eoggﬁ%teeggofr%%g%ug%g% usi naﬂﬁﬁéﬁ%{tﬁ ipoér)lgsfdl?&gfafﬁ%ywt pH of 6.5 to
7 and a demgatolalionef it With pit o Bito 7 pad/awanemtrativa of ¥ i bomm- rsﬂtj age
reverse QsuRs | Jgp%;él ' rane

havi ng agsal t t%ﬁ%%ﬁ?%g%%?fio rggé%%y%ﬁggﬁ%ﬁ%a&\%ﬁglﬁlﬁ@gﬁe% gli'ilaf?éonra one hour
at 25' C AREVeIRe 6}yBpis mﬁlh?ﬂ%baﬂeg@fsa@Mﬂcmratm@%&ﬁ%osmwt| on of salt

Wi th pH @hef opetdted f&%ﬂe%oﬁ?ﬂﬁe% nbbU Ald Qﬂ'oﬂéragoggr tm/@@fg).TJ Ripgnater, and the

second- st age feverse 0sSnoSI S rane i s an aromatlc pol yam te reverse
osnosi s HEREEEeution ¢fisaltewith phl of.5 tosTipndl v comteatrationtdf©.05crb¥dsst age

Treverse paOeiisr, 3aRNALIBAITRHLEvdSe oSS fleRthrhRe LPLARMI AL On,
}% r d an addi b a

deferrization and/or demanganization, _ on o I'sinfectant
cont ai ni H@Yéml‘iﬂ#@Y@rsérﬁ’@m@sﬂsémmbme@gehtqqumﬂbrtmron I's renoved in the

second- stage LE¥AL StASITRRL §ec%‘ﬁﬁ%'é§gtei ersTBALSS separation module is

subjected to decarboxylation, deferrization and/or demanganization, and

addition of a disinfectant containing chlorine and a reducing agent, and
boron is removed in the second-stage reverse osmosis separation
module.
In the second aspect, there is provided an installation for subjecting
liquid to multistage reverse osmosis treatment, comprising:
a first-stage reverse osmosis separation module including a reverse
. osmosis membrane having 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 3.5 wt % as raw
water;
a second-stage reverse osmosis separation module including a reverse
. osmosis membrane having a salt blocking ratio of 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 0.05 wt % as raw
water, wherein the second-stage reverse osmosis membrane is an aromatic
polyamide reverse osmosis membrane or its equivalent; _
| means for subjecting supply water to the second-stage reverse osmosis -
separation module to decarboxylation; _ '
" h_1eans for subjecting supply water to the second-stage reverse 6smosis

-~ separation module to deferrization and/or demanganization;




I'n the second aspect, there is provided an installation f rAsu%%ﬁg#gng
liquid to nmultistage reverse osnosi s treatnent, conprisingF BEY - st age
reverse osnosi s separation nodule including a reverse osnosis nenbrane
having a salt bl ocking ratio of 99.4% or nore when operated for one hour
at 25'C and an operation pressure of? 5. 49 WA, using a solution of salt

wWith pH of 6. 3ndafs fordRfhicRting EENY WRtkLD @k ggﬁzoﬁld‘%ta 20 AvefR\Ysmbeiser . @

second-stage reverse osnhpsl S separation nodule incfuding a reverse osnosis
‘menbr ane S¢RAIAHGN Mmoglyle tordditiamef a disindecsintognimining chlprinegsha oper at ed for
one hour yadycdar fgech @ Operation pressure of 0.74 MPa, using a solution
of salt wth pHof 6.5 to 7 and_a concentration of 0.05 wt %as raw water,
wher ei n t he s&sngfonadding awy alkali agepb i permeatrdaviater sbtained Bomt i ¢ pol yani de
reverse QRdBRkStdRHVAIEQhodid SorBtstidhBibie tﬁ%ﬂﬁx%tfagﬂ{ mg.le giidg supply
water to the second-stage reverse osnpsis separation nodule to
decar boxPPﬁ@?ﬁﬁ@WWﬂimwQMQ supply water to the second-stage
reverse osnosis separation nodule to deferrization. and/or
demangani zation; | | August 2006 2b neans for subjecting supply water to
parief Deseriptiopeofdrapingssi s separation nodule to addition of a
disinfectant eon!fidy focthl@iham Afide RN aBRlzuAfibgrans f of
addi ng an al kali agent to perneated water obtained from the first stage
reverse BIATAIPEONBOMT sATaBRtIGTbARNasatus of dheiBresenfipveriiore of the perneat ed
water in an ahkaljeAgy hid@h1teatBlehhpbiaehd, Bl ORWivatdidhpy FIG 1is a
process di agram showt ng an exanple of a configuration of a reverse osnpsis
separation apparatus of the present invention. 1... heavy netal treatnent
apparatus, 2 ... raw water tank, | | August 2006




" cannot be 2BV §Eheayy r{tef@ba% asdyonpAndmARKANes® caﬂqmgteswﬁe e
boric add dmolde&&om@lpwatdxmmodmmbisdlﬂt@m}sams agdadik@hpdi ofegi on at high

331 ... first-stage reverse osnpbsis separation nodul e, i}é eg&%nd st age
reverse. osnosi g separation nodule, 4 ... ion exchange to 19‘ g‘ég

+ second-stage supply water tank. 5 Best Mdde for Carrying Qut the | nventi on

The present invention has been achieved based on the finding that the
performance of a reverse osnosis nendrane is not decreased by renoving any

* of heavy netal such as iron and nmanganese, carbonate ions (HCOA dissolved
- in supply water, and sodium hisulfite that is a reducing agent of 10

chl orine, which cause a decrease in the performance of the reverse osnosis

menbr ane. ﬁcqﬂfs%t@ge E&eiié%shfo@@%@ﬁl%ﬁ&?hﬁﬁmeoht REcoRlSt SRS el RegNt i 0N,

di ssol ved car.bonate .l ons I\/g) nd on or nanganese, | ONsS, I ch |nh| bi t
the ori giRRPSIpErRa3RRem Bedte, 44 EIAHET S rEAMILFHEES BP0
subst ant i a¥dtgr tmkpresent in a system Therefore, while the original

excel l ent separation function of a reverse osnosis nenbrane i s naintained,
the separatio rf.rnanc- of a reverse osnosi s menbrane nndule can be
enhanced H% ' . venl

t he present thmpménmveﬂdmhablbmi uduafedshap@iynﬁ&tﬁmdmgelﬁm ably is 9 or

m;(rje W(T]hgﬁhé géﬂf&%aﬂrge bPa ‘Eél%féeﬂ:%ﬁn%g? npe%ﬁjélng ‘?s{‘r%tadfeké’easfd By ;%Wl ngs gg(r: ;C
A .

however,

St MpeBlong! YRet et L dhoter O bR HIRR RS BREL 0y V at o

-

is 9 or m?il@ﬂ nape. bl ocki ng perfornance of boron is enhanced. Furt her nore,

in the case wheA@oRlihg ex@rRasSathint Weikod om&q%&dthﬁvéhﬁ@bagsabbd ange of a

reverse 0s erformance .of t osnDsi s nenbr ane
|svdecrea§§ ona@do%nﬁi@% é‘ngt"f? o1 e H%ﬁ‘?t?’bsf’l ebg erab: y in a

range of 9riginal perfemehnce of a reverse osmasis membrane, are not substantna]ly
15 presentin a system. Therefore, while the original excellent separation
function of a reverse osmosis membrane is maintained, the separation
performance of a reverse osmosis membrane module can be erhanced
remarkably. _
In the multistage reverse osmosis treatment method of the present
20  invention, the pH value of supply water preferably is 9 or more. The
following is considered: boron generally is present as boric acid, which is not
dissociated in the vicinity of neutral pH and hence, cannot be blocked
(separated) by a reverse osmosis membrane; however, boric acid is dissociated
to boric acid ions in an alkaline region at high pH: therefore, the blocking
25  performance of the reverse osmosis membrane with respect to boron is
enhanced. Thus, if the pH value of supply water is 9 or more, the blocking
performance of boron is enhanced. Furthermore, in the case where pH
exceeds 11, which exceeds the durable .pH range of a reverse osmosis
membrane, the performance of the reverse osmosis membrane is decreased.
.80  Therefore, the above-mentioned pH is preferably 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 eﬁecﬁvely, and a scale
- caused by metal ions is not generated. Therefore, a phenomenon, in whicha




nore preferably in a range of 9 to 10. As an al kali agent fg_be ?&ﬂ?d SO as
to set the -pH value of supply water in an al kaline regioh, 5

hydroxi de nmetal is preferable. Alkali hydroxide netal is excellent in
solubility in water, so that it is easy to handle. 35 Furthernore, by
adding al kali hydroxide metal to set%the pH value of supply water in an

al kal i ne regi on, boron can be separated effectively, and a scale caused by
metal ions is not generated. Therefore, a phenonenon, in which a | | August
2006 4 scale is deposited on a nenbrane surface to decrease a treatnent

effici encycamé is deb@sitell orCamebthri €xafi@do doGeasda RlatmerdtREGHRY Y o8t age

reverse o nmet hod of the present invention, a reducing
agent mayﬁ %’d’t%‘?ﬁ}egg%e ated water for the 5 follow ng reason.

Practical |y, aAfcerdingta detmeltistagasevsinboosmesis trealind mfthehofftbe t he pur pose
of ddl si nf 9§éfsbﬁ\?na@n@c¥t$ra%u@angﬁ Ly b@ad@ﬂetro%%rx%ﬂg& 'w%temm{eatnet modul e,
and a dispnfecting e i. s .enhanc r educ ent to

chl ori ﬁ glrl]l q%ﬁ a{:tﬁcé'ﬂlly,eqjﬁi&nﬁ%c %%‘ew %Eﬁﬂ"f“iet‘%aé)‘;}’%d’ﬂﬁﬂsul fite

pr ef er abl §0r|tbe purpse Bf/diginifenting agipkratenmystenbbfa bdvierdemsmiosis t he 10

above- theﬁfﬁ%@hﬁﬂﬂf@ﬁh@ﬁ%sﬂ@éﬁ’ﬂg mé&ﬂ: ée&ﬁ{aﬁleﬁc% Lmﬁngh'fgq be produced

uence such as

tably b
Seﬁer th i gﬁg‘iﬁt%%%ﬁ%E‘PSé‘)‘ggé‘hﬁE‘?n %&ﬁﬁé %?Eﬁﬁlt’&fs Fﬁﬂra'h}é WEH or mance by a

*di si nf ect preferablydendedg Bioudihg asulfite st abisulftteorisie thesmosi s treat nent et hod

e reverse osnos; s nenbrane

of theg 1§bd%%§@rﬁiodeﬁ‘é§§l£fe%nt adefs t (gw%%lb@tﬁe ﬁﬁﬂ?&@ﬂ@g&ﬁﬁéﬁ ably is a

_pol yam de rane. refera
shoul d beStahﬁﬁﬁ'r%Ffﬁ’teF%? C&B}";‘?’érﬁl‘?}% Hang aned b\i?) pashopkamy iflaencerfuck @§er se osnosi s

menbr ane gereratsarcsf amiaodiggnisat amihddgsadationl dfanémbrand s etbimaidedy
perfor rrangglsubwgéﬁ perneability, and separation performance of ionic
mat eri al s urt her, can separate a nonel ectrol ytic organi ¢ substance

such as |sopro§5¢F°rd§F§:B’l”F(1}P mifisiage sevierse efmsisizeaarent methed ofithe bl ocki ng

rati ol presentinvention, a reverse osmosis membrane preferably is a polyamide
type membrane. More preferably, the reverse osmosis membrane should be
an aromatic pelyamide type complex membrane. The reverse osmosis
membrane with such a configuration is excellent in desalination performance,
~ water permeability, and separation performance of ionic materials, and
20  further, can separate a nonelectrolytic organic substance such as isopropyl
alcohol and a solute such as boron at a high blocking ratio.

‘According to the multistage reverse osmosis treatment method of the
present invention, the supply water to the second-stage reverse osmosis
separation module is subjected to at least one treatment selected from

25  deferrization, demanganization, decarboxylation, and addition of a chelator
and a scale inhibitor. Thus, these treatments can be performed with respect
to supply water to the first-stage reverse osmosis separation module, as well
as permeated water of the first-stage reverse osmosis separation module
before addition of an alkali agent and/or permeated water of the first-stage

30  reverse osmosis separation module after addition of an alkali agent.

According to the present invention, as deferrization (hereinafter, also
referred to as “Fe removal treatment”), and 'demanganization (hereinafter,

- also referred to as “Mn removal freatment”), 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
- soasto oxidize and precipitate metal ions such as manganese and iron in the
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According to the nultistage reverse osnosis treatnent netho Oft%@ﬁ5
present- i nventi on, the supply water to the second-stage r Si s
separation nodule is subjected to at | east one treatnent selected from25
deferrization, dermangani zati on, decarboxyl ation, and addition of a chel ator
and a scale inhibitor. Thus, these tfeatnments can be perfornmed w th respect
to supply water to the first-stage reverse osnosi s separation nodul e, as
wel | as perneated water of the first-stage reverse osnobsis separation
nodul e before addition of an al kali agent and/or perneated water of the
first-st a@anmwdewmesandshmh&esppasmg tloerezokah epeafieatedastdes i on of an

al kal | aghbngy ﬁ\%ﬂ{&hﬁ@nﬁ,&%ﬁe@wragﬁgﬁgmglexmh Bndifudfl 51 et on

(herei naft and
denangani ]%]éﬁ ‘i"o‘i’i’"’("ﬁ%ﬂéﬁ Iﬂﬁ‘fai gempongnds; andraemethgdier adding s chlepe dyra r eat nent "),
a gener al oxigizhpchghot suchr® \¢hhvginelte peymbRied lwateis Ppaktfng theFefdghptanganese can

be useg rﬁ%ﬁﬂék@wﬁ@?ﬂﬁ%g}??ﬁ%ﬁ%ﬂﬂﬁml%'ﬂ%al%ﬁ sPed of 4 bAdif e & Mo 100 1O

addi ng a 'ZIng a pot assi um
per mangarfaé rwoamrélatwgmm dioxigese omdu@mndmz@clmwepmmapem e netal

i ons S;JC fhrﬁBﬁH&ﬁ@ﬂﬂSfﬁu@d‘%x#ﬁdb'ﬂmh@d twhth a p?rr?ea'unn'nﬁmbﬂaiaeéuﬁﬂﬁét a§006t
erneate rea e resultant perneated water
'Ito hrough a ql%ﬁﬁﬁ?ﬁ@%@?g@gﬁﬁe@g 5‘#’&%} SOSRIPYS PP Frenbr ane or t he

“like to rigwmihermare, metahions oambesemeveddidizeatiytintraducing petieagedh chl ori ne

type 100XiWatek 'ﬂ&la«i‘%@ée @Hﬁalsaﬁerﬁbiaefel HEd:1e t@ﬁéﬂﬂ&“ﬁd Féivatieh wiReti Ny the

_resultant_5 errreat ter thr filter of manganese sand or a
" f1oating HAYEPOf Such E‘bﬁ%gﬂ?’ﬁ%ﬁ g

rfﬁ‘ﬁ’éﬁ’ﬁ@ e di oxi de to oxidize and
precipitate maililyaﬁ@séq muandzerihetleteraqmmbetmeerundnmhdmaltgaaes'aed with a

menbrane to e gﬁnese Furt her nore, net can be renoved by
direct!ly 4P YO‘HG@F ﬁ‘g&’ﬁ Feslags re"fﬁs%\%ﬁ“éq&stst?pérqbé\?é? jestade nbr ane
modul ¥ t doplefdroizati greandeddn arp anialtiont I-hwefzai;thqu:mmatedpmﬂ;br (Hary net al

oxi di zi NGote) BREHEst-sthBe fH\@f‘sre dshofisefhAtioh Moduld HERL dRARiREsMeen 1ron and
manganese,
an alkali agent may be subjected to deferrization and demanganization.
Thus, there is no particular limit.
Since iron and manganese may become direct factors of decomposing
20 an aromatic polyamide reverse osmosis membrane module, it is most effective
to remove these heavy metals by the above-mentioned Fe removal and Mn

per meat | ofh NI AIRed HUDAMnd thé'MdRifed AR, it iéﬁﬁeﬂéfﬁﬁé Bl ﬁg&l Itering

removal treatments. However, in the case where this direct removal cannot
be performed due to the setting space of an apparatus and cost, it also is
effective to add a chelator or a scale inhibitor for trapping heavy metal such
25 asiron and manganese. Because of the addition of a chelator or a scale
inhibitor, the chelator or the scale inhibitor forms a complex with heavy
- metal or heavy metal ions contained in permeated water so as to prevent a
- decrease in the performance of a reverse osmosis membrane.
There is no particular limit to the chelator or the scale inhibitor. A
30  general chelator or scale inhibitor of a polymer type, an organic type, or an
inorganic type can be used. Examples of the polymer type chelator or scale
- inhibitor include polyacrylic acid {polyacrylate), polystyrene sulfonic acid
(sulfonate), a maleic anhydride (co)polymer, lignin sulfonic acid (sulfonate),
~and the like. Examples of the organic type chelator or scale inhibitor include
35 phosphonic acid (phosphonate) such as aminotrimethylene phosphonic acid '
(phosphonate) and phosphonobutane tricarboxylic acid (tricarboxylate),
polyaminocarboxylic acid (pelyaminocarboxylate), hydroxycarboxylic acid




=

o

and the dissolved HCGa- and the reducing agent, it is pre FrabIF &kat t he
supply water_ to the first-stage reverse osnosis separatlon %
subj ect ed 15 to deferrization and dermangani zation. , However, the perneated

w water (pH5 to 6) of the first-stage reverse osnpsis separatlon nodul e

- before addition of an alkali agent flray be subjected to deferrization and

§
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** manganese nay become direct factors of deconposing 20 an aromatic
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(calcium hardness, phosphoric acid concentration, etc.), the liquid
temperature, and the permeation flow rate, and there is no particular imit to
the adding amount. In general, in order to trap heavy metal and heavy
metal ions effectively, the chelator or the scale inhibitor may be addedina
20 concentration of an equivalent or less with respect to iron and manganese.,

It is preferable that the chelator or the scale inhibitor is added to the
permeated water of the first-stage reverse osmosis separation module in
which the amount of iron and manganese is small, in terms of the prevention
of degradation in the quality of water due to the excessive addition.

25 Howevey, the chelator or the scale inhibitor may be added to the supply watex
to the first-stage reverse osmosis separation module, and there is no
particular limit.

According to the present invention, decarboxylation is performed for
the purpose of removing HCO3- that causes the interaction of iron/manganese.

30 In order to effect decarboxylation efficiently, it is preferable that
~ decarboxylation is performed in a state where the ratio of dissolved carbon
- dioxide is large, i.e., at low pH. Because of tlﬁs, it is preferable that the
- 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 |
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g‘;g;gsfe“gfﬂ‘f%tﬁtngn% is TreR3ahi5 Gp S0 8 Pednging fgent to Liquid (Gupply water to

the first stage) and/or permeated water. By performing removal of the
above-mentioned heavy metal, masking, and decarboxylation (removal of
HCO3-), the interaction between the reducmg agent and the heavy metal is

20  suppressed, so that the performance of a reverse osmosis mémbrane can be
maintained.

Herein, the reducing agent refers to an agent having a property of
reducing an oxidizing material such as chlorine, and there is no particular
limit thereto. Those which are water-soluble and have a large reducing

25 property and less effect on a reverse osmosis membrane are used preferably.
A sulfite or a bisulfite such as sodium sulfite and sodium bisulfite is
particularly preferable, since they are easy to handle and inexpensive.

The concentration of the disinfectant depends upon the quality of
liquid (supply water to the first 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 chloxine.
_ 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 HCOs~ and the




perneated water (pH 5 to 6) of the first-stage reverse o0s issng ation
nodul e before addition of an alkali agent is subjected to @Iration.
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~particular limt. As the decarboxyl &ion nethod, a general nethod for

2

renmoving | | August 2006 dissolved carbon di oxi de can be used. An exanple

*“thereof includes a method for providing a decarboxyl ati on apparatus before

or after the first-stage reverse osnosis nenbrane separation nodule of the

present i n¥gRkition drSheAY, 19&[555@19&11%?@1@9{%%@% tgg(s:%daﬁd spzregat on t ower

decarboxyl ation apparatus, .itl gq %n
for passi FEYSLSE &FNPYS sppat siinn medulp are determined agaropriately dependanger f or m

count er - cuporrthe t@ataait, coadidioan apparatus generally used for producing

e ool o Thé® @ndRARIANG 11578 Ah Akl dhre PG IREGEALRE - 2 7111 00"

deaer ator,, and war m n aer a sSNDSi S

separ ati oﬁ“Yﬁiﬁlﬂne Examgleg|of the Qikallegftﬂ"iIlbf‘rlil‘il%alﬂi?béﬁi@idﬁlé@taéﬁuckuc h as
chlorine ias Ne@®H 06t KOH] smniohurp by d@sitefuch BE mmﬂ Qﬁrﬁdﬁﬁtéﬁﬂﬁr at ion of

m cr oor gany ea a, di ef f IS
enhanced %f%%gldr% éqgéar%é’cf&%tﬁghi{g ﬁ@ig%h?ﬁgo%‘}es?ﬁ Pyg]ﬁ a practi cal
poi nt of Binsf1t istinexpegsive irttﬁlmw&@hﬂw@wx@elbysstdubw Wghahmﬁcttte or the

1ike as awiites, dbeabegEnenitt AaY beadcidivasd By hAflHEAIBEE AGEMons B thel 5 accor di ng

to thg,muhgistage reverse osnosis treatnment method of t he present
inventton, 1t is preferable to add a reducing agent to liquid (supply water
to the first sThepe)is ampavicajelmistea meeral coBstip@ntaneveger enoval  of t he
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e

articul ar ereto hose are water-so *and_have a’ Iar e
Pedum ng etjerargle since ltls excellent in the separation performance of vanous kinds J

of organic substances such as trihalomethane (e.g., trichloromethane,
tribromomethane, etc.). Particularly, in the case where an aromatic

polyamide type complex membrane is applied, the effect of the present
20 invention is exhibited most.

Examples of a membrane form of a reverse osmosis membrane
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, confipuration, 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 mcorporated nto 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, liquidis
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 su_bjeéted 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




25 property and |l ess effect on a reverse osnosis nenbrane regﬁﬁsg
preferably.., Asulfite or a bisulfite such as sodi um sul f %ﬁium

- bisulfite is particularly preferable, since they are easy to handl e and

I nexpensi ve. The concentration of the disinfectant depends upon the quality
of liquid (supply water to the firs® stage) to be used. In general, the 30
concentration of the added disinfectant is about 0.5 to 10 ppm

Furthernore, the anmount of the reduci ng agent depends upon the anmount of
the disinfectant; however, in general, 3 to 6 ng of sediumbisulfite is
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discharge tube 311 for sending permeated water to an ion exchange tower 4 is
15 provided. The permeated wateris transported to the ion exchange tower 4
and subjected to decarboxylation therein.
The permeated water subjected to decarboxylation is transported to a
- second-stage supply water tank 5, and once stored therein. An alkali agent
(NaOH) and a-chelator or a scale inhibitor are injected to the permeated
20  waterin the supply water tank 5 through a pump, whereby the pH of the
permeated water whose pH is in 4 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 iaerformed. 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 invenﬁon, in the case where sea wateris
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
0smosis treatment in the first-stage reverse osmosis separation module. The
raw water supplied to the fivst-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
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conf i gur aSAfisgTeparation modules, for example, as a first-stage membrane, a
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 0smosis 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
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  1in 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
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reverse osnosi s separation apparatus used in the present Lﬂéentiag% The
apparatus includes a heavy netal treatnent device | for r and/ or

- M contained in liquid (raw water) to be separated and purified, and a raw

10 water tank 2 for storing raw water. The raw water is supplied to a
first-stage reverse osnobsis separati®dn nodul e 31 through a transport punp,

* whereby first-stage reverse osnosis treatnment is perfornmed. In the
* first-stage reverse osnosis separation nodule, a first-stage perneated
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Th n r ver [
separ ati 3135%5"2“? % bl v Bfectdp Aoty 45ty task T BBSRuhdEn: *or hor on
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
20  an effective membrane area of 60 cm2. Table 1 shows the performance of the
flat membrane before and after the test.

Table 1
. . Amount of permeated
0 d
Salt blocking ratio (%) water (u¥/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 avomatic 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 -




_perneated water does not satisfy I ppmor less of the matﬁtAgualhgy
“criteripon I, | August 2006 10 under the Water Wirks Law d %hange

- Wth the passage of year, depending upon the operation conditions.

However, according to the nethod of the present invention, an alkali agent
S added to the first-stage perneatei® water to adjust the pH of the 5
perneated water in an al kaline region. Therefore, boron is dissociated to
be present in anion state-as boric acid ions. In general, the bl ocking
ratio of the reverse osnpbsis separation nodule with respect to boric acid

ions is |ar 0 r|c n- di ssoci at ed
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al kal i ne gm%@%pp@fg QttVéélwuz@Olaf@mmgwnraeldengmmsmwasolnhagmdnent in the
Eecond st'aﬂepém@zs@wamssadjm@?tabmmmmk{a@Hmbapu?llhge COHL ent ?ft
oron in at e er_obtain y can be set to
be 1 p m%‘l&% ﬁo‘igpaqgc}: ﬁ% “?o"ﬂ?ﬁ&“ﬁﬁ\“@ém’a%%%?e%?ﬁe ﬁ’?he first and
second r espatwousfawdey fexfhdansiundemthievanditidnoof 255G apd en opsradidii r st - st age
e lrrt)r ane, ps ﬁéxﬁe oEYTUIMPY S /§ g??ﬁ%hﬁﬁﬁn@ééi ﬁ%rag%ﬁ/a toialtb'&‘aﬂnat%' fhaPaZSa c

0 u
and an op¥ ‘71 @F‘B’%WB? 5’§’§fﬁ£e°SBIPS]§ Iﬂ@“kﬁ‘w%‘ﬁ&? rBH’ Yt with pH of
6.5 to 7 Mitéo Renkwbomoratian) satloan ﬁﬁ'énu%m&nbmme\meaamf 60aomeP. a§‘ahlesecond st age

- menbr ane, 9 ghow SR eefoPRaR ich has a salt
bl chféfg rat? o 20 pcs)gf 099 Oggozrtﬁgnoﬁrg{e%ﬂéﬁr%&gégéfgge df%fpﬂﬁﬁgt gc;thur at. 25*C and

an o ation pressure of 0.74 MPa, using a solution of salt with pH of 6.5
*to 7 and a concentration of 0.05Wdbl®2as raw water.  According to the
present fnvention, in the flirst-stage and s&CONGSHATSF él@( sSnosi s

'~ separatifon nodul es, respect|i \‘S@ltfhi@n]ﬂ!@srqtemﬁ%)s) ar&at&o@ p % in series

or in par uppl y srags—of th prurat-rty—ot—1o E-Ee—trn#rmy be
connect ﬂlfgf;t{'e_?f a—-StfpHy—ttbe ;JS awwat-er—and Lir rpation! si des
t her eof W& get-h%pt-%:é_pe.c_ueaind vat erd-9; schargel t ube.

.As is apparent from Table 2, a large change was not recognized in the
performance of the reverse osmosis membrane before and after the test.

aG T

15
Example 3
An NaCl aqueous solution (pH 6.5) with & 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
20  Denko Corporation) under the condition of 25°C and an operation pressure of
0.74 MPa, whereby reverse osmosis membrane permeated water containing
0.05 ppm of iron, 0.05 ppm of manganese, 3 ppm of sodium bisulfite, and 30
- ppm of HCO3- was obtained. Then, 3 ppm of sodium hexametaphosphate
having the ability of generating 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 Corpor auon) with
30 - an effective membrane area of 60 cm2.




Furthernore, by connecting a third-stage reverse osnosis $ aratlg rmdule
after the second-stage reverse osnosis separation nodul e, 12
desalination treatnment nay be perforned. As described above, the rrultlstage
reverse osnosis treatnment method of the present invention can be
preferably used for water conversionldy desalination of salt water, sea
water, and the |ike, production- of superpure water, and the |ike.
Furthernore, the method al so can be used for renoving 35 and collecting a
contam nation source or an effective material contained in industrial
waste water or the |ike that causeq\a IIutlon such as dye waste water and
el ect r odgposttion—paint—wasie—watef- h.us, t-he %3%,&%&;;{:%%&@“ uEt 2003
contributje to cl osing of wasgt ly: t|i an be use
for condensation-_of gnn eff :MS?I?IVEIOE]E%A&%%?@ nd \Kﬂt&br(nﬂn@éiaﬁ such as
removal qBeforagesti ul conponent of cP8dn water land sewadel. Hereindfter, the
present ip30days aftemtedst be descri bedgddre specilffically 1% by way df
exanpl es. Exanple I An NadC aqueous solution (pH 6.5) wth a concentration
of 500 ng/L . was subj ect rse osnpsis treatnent i.ng a total
aromatic pol rf?ﬁﬁ? p’f ‘?'f’ g‘r@&"ge E@ﬁsgh@w%éemga&@fsi € ES20,
produced b¥ NmmelwﬂkmrevéxﬂemmmanmMndebeﬁ)ﬂeambaﬂeﬁtlrertesft 25*C and an
operatjon pressure of 0.74 MPa, whereby reverse osnpsis nenbrane perneated

-wat er congﬁl %p?%l 0.05 ppmof iron, 0.05 ppm of manganese, and-3 ppm of

sodi um bi obt ai ned. The perneated water was decarboxylated to
set the anount }h’iNblﬁlllalqna}ustsoldfmnipﬁrﬁrﬁ)\aﬁdahbl&:enﬁfaabntolﬁﬂﬁo aly/Bi ned was

“adj usted Qs Bhb}é&ew vel mo %t?ea%teﬁ aastb'%ll ﬁ%&l@%ﬂé gc{l?ax?ﬁ)cm | nuous 1 ow

test for S un e con on pressure of

0.74 MPa, %ﬂ’é’lrﬁ r§e P?‘B?Sis WQH% 13@3? NaageEeR0, produced by Nittar i ¢ pol yani de
type ﬂ@vemakmﬁnnmrahorﬁmﬂﬂeaﬂee dohditibe JNRF aldb2N opfifatidt peeksaye B t t 0 Denko

tCﬁrepgreg} 'Orﬁf?): %%Pé ”?'ﬂ%eﬂf' réVeb & mSis TR ANE paFf8aidl wiles Mataihfily € 1 shows,

r‘r% ppm of iron, 0.03 ppm of manganese, 3 ppm of sodium bisulfite, and 30
ppm of HCO3~ 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

. i Amount of permeated
Salt blocking ratio (%) water (m3m2/day)

| Before test 99.4 7.2
30 days after test 99.5 6.9
25 ~ Asis 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 HCOs5-,




flat nmenbrane before and after the test. Table | Anount og é Sal t
bl ocking ratio (Ov water Wn2/day) Before test 99.5 1.1 ]0 er test
~99.6 0.9 25 As is apparent from Table 1, a |large change was not recogni zed
in the performance of the reverse osnosis nmenbrane before and after the
test. Exanple 2 An N. ad aqueous sdMdution (pH 6.5) with a concentration of
" 500 npglL, 30 subjected to deferrization and denangani zation, was subjected
to reverse osnpsis treatnment, using a total aromatic pol yam de type
reverse osnosis nenbrane Made Name: ES20, produced by Nitto Denko
Corporatl@Elblﬂéﬂ%rthebﬁlﬁe%ﬁ}(ﬁb%Maﬂl 1@5*»@38&1}11@@(19&%8&'»&% Rangure of 0-74

MPa, wher per neat ed wat er

cont ai ni nggé Bea SE?@&VW%@W?&@ a ‘%Sﬁaggg‘?%%ﬁ?ﬁ’ g%t L d4qyst hout
cont ai ni ngsmg@rﬂaé;n‘dem’angarteﬁeen\mtlmm effertiste méﬁﬂuapelar@aafm onvetiar  was
adj ust ed {1 el Rahb th BR&HLI I N9bleBAuIGs HEGRIBRAIRIFthe dler calter, the

per meat ed wat.er a 5 continuous ow test or 30 days under
the co dlmegwrﬁ?mg%f”’@%{hﬁaf% Bﬁé‘?sé‘tlon pressure of 0. 74 MPa, using a flat
menbrane cell nmade of a total aromatic polyam de type reverse osnpsis
menbr ane (Trade Nane: ESZO produoﬁgﬁgy Nitto Denko Corporatlon) with an

ef f ecti veremrbrane—area—of—66—EV2—table—2 Sh\.vva LII\.; erfermance, of the
flat menprane before and afit @alﬁﬁl@cl&i@giau&@ﬁﬂclm ge&meﬁte ef neat ed
*Salt bl ogkipgratio (0L0) water 3im2!day)
Before test ' 99.4
30 days after test ' 55.2 ) 3.2

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 HCO3-,

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 3¢ days. Table 6 shows the

- performance of the element before and after the test.

" Table 6

' .. . o Amount of permeated
Salt blocking ratio (%) water (m¥/m¥day)

Before test 99.3 74

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 descnbed above, the multlstage reverse osmosis treatment method




water (rn,"InR/dav) Before test 99.5 1.1 30 days after tfﬁt 99t§0&59 As is
apparent from Table 2, a | arge change was not recognized

performance of the reverse osnosis nmenbrane before and after the test. 15
Exanpl e 3 An NaCl aqueous solution (pH 6.5) with a concentration of 500
mg/ L was subjected to reverse osnodids treatnent, using a total aromatic
pol yam de type reverse osnosis nenbrane (Trade Nane: ES20, produced by

" Nitto 20 Denko Corporation) under the condition of 25*C and an operation
pressure of 0.74 MPa, whereby reverse osnnsis nenbrane perneated wat er

e
hexamnet apﬂ’é§?rlﬁ E‘S“EEE’!‘HQMFH’% § F‘t@‘s %ﬁ?ﬁtﬁ%@ﬁ?@}‘c&l&#ﬁeﬂépg was added to

the per nedilednevasal for Bie purdosed disisfektiomintpescoudthaitonait angy@sesadj usted to
pH 10 wit I onti nuous fl ow
Post for %O:N%%pogﬁme%ﬁﬁﬁea&ﬁdrg\é’@fsﬁ 05*@&5%%@8%&%@11?

S under condi tlon an opératl on pressure of

0.74 MPa, PRfiHreay prpmatieolyiaamde membrgrae Thersfore the pexfermance ofol yani de
type reveaseversauEmadsis maﬂbrmen theseohdatigehovése Bér@&bn&ﬁéimbé{u&!i tto Denko
C_:orporatl i hr a of 60 | August 2006
13 Tabl e rg ct"g b%%r?m“ mb%"‘fa%ﬁa%aa%% (m3/ 2l day)

Bef ore t eB% ‘9’91941 ora Q?‘GPGW 0 FF’@F t est 99 5 As is apparent from Table 3, a

-1 arge change \Aﬂﬁxrﬂf&mﬁﬁ&@ﬁdﬂcﬁﬁﬂ t6 thd MethddedfftRé PRIAERL iaberd tdh, lsBWGr S€ 0SnDsi s
frerbr e &%fa%ﬂftyao?glo%fc&%rbo{' MGohs éontamed in sea water is high, permeated

8 water with a content of boron of 1 ppm or less (thatis a cntenon value) can

be obtained.




5 Exanple 4 An Nad aqueous solution (pH 6.5 with a concg d%ratl%@ of 500
ng//L was subjected to reverse osnosis treatnent using a ! sAWRat i ¢
polyam de type reverse osnosis nmenbrane (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 osnosis nenbrane perneated water
containing 0.03 ppmof iron, 0.03 ppm of manganese, 3 ppm of sodi um
bisulfite, and 30 ppm of HCOs- was obtained. Then, 3 ppm of sodium

hexamet aphosphate having the abilifgy of generating a chelate was added to
t he perneaéﬁgeﬁft 15 and the resultant perneated water was adjusted to
pH 10 with The pernmeat ed water was supplied to a spiral type reverse
osnosi s nenbrane el enent (Trade Name: ES20) produced by Nitto Denko

Cor por at i oy, madg nRfitistafe @w&%tdsﬁm%gl t¥étneAt M@%a%m%%gr SMGEGRgOSTOSI S
menbr ane, whereby the = perneated water was subjected to a continuous flow

test for 30 dayiitigntrereverse REMEsR direat@antofn 25ﬁ'@t-atﬁae rEMers® SMOSiEn pressure

of 0.74- Mra. T@gb@ﬂ@hmeﬁuzet BediRg hodIaiNsRnPlo bEeheatRbler RBlffed and after
the test. Table 4 qgél, bl ocking rati o W Anount of perneated F water

(W8 2/ day) - BT &g JE-56Ge £oYerss somags Seprelen mostiegs adiist s B As i s
appar ent from Tahlesofdhe pertvia@s Méﬂﬂ%n@ﬁahﬁ@'&edﬁﬁ%ﬂﬁﬁrﬁbrIsUbj“é&tmg
per f or mance of the reve s nmenbrane before and after e test.
Conpar ative ExafplPEmea ?éonﬂg%rn%oé??’(%ﬁe OFRART Jratmsst i 88Nt cont ai ni ng
0. 05 ppm of SGeveTmsnﬁas&&eppnmmi moduriganese, 3 ppm of sodiumbisulfite, and
30 ppm of 03 1 WHaHShne2 8 bt BRI Shridld "y BB Rbads |1 Exampl e

mcludes a reverse osmosis membrane having 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 {0 7 and a

concentration of 3.5 wt % as raw water, and the second-stage reverse

osmosis separation module includes a reverse osmosis membrane having

a salt blocking ratio of 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 0.05 wt % as raw water, and the second-

stage reverse osmosis membrane is an aromatic polyamide reverse

osmosis membrane or its equivalent,

supply water to the second-stage reverse osmosis separation

module is subjected to decarboxylation, deferrization and/or

demanganization, and addition of a disinfectant containing chlorine and a

reducing agent, and

boron is removed in the second-stage reverse osmosis separation

module

2. The multistage reverse osmosis treatment method according to claim 1,
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

reverse osmosis treatment is in a range of 9 to 10.




The perneated water was subjected to a continuous f|OM/t6§fALO%t @kpays
using a flat nenbrane test cell with an effective nenbrane area of 60 C\2
in the same way as in Exanple 1. Table 5 shows the perfornmance of the flat
5 nmenbrane before and after the test. Table 5 Anpbunt of perneated Salt

bl ocking ratio N water (nB/n2/day) Before test 99.4 30 days after test -4
1-0 As is apparent from Table 5, the blocking ratio was decreased and the
10 anount of the perneated water was increased before and after the test,
wher eby the performance of the rever$@ osnosis nenbrane was decreased.
Conpar ati ve Exanpl e 2 Reverse osnpsi s nenbrane perneated water containing
0.03 ppmof 15 iron, 0.03 ppm of manganese, 3 ppm of sodiumhisulfite, and
30 ppm of HC03-, obtained in the same way as in Exanple 4, was adjusted to

pH 10 W t h4NaOHrhe iftisRRE eSS o¥AbSS trdBneht Pitlthdad@rdhgS i &idim type reverse
osnosi s nenbrane el enent (Trade Nane: roduced by Nitto Denko

.ES20) p y
Corporation in VREEBFEoncgYtralion iof thedisipipetadt is jiha raigp ofifed el hB@ifed wat er
20 was subj ect eshd 8 ddnePibionUsTuRe fddaing agéntfiom 30ardays 3 thadhbwighows t he
per f or mance of tht%?g{ﬁrrentf%@f.ore and after the test. Table 6 Salt
bl ocking ratio W tMYP P feat ed water WnRl day) Before test 99.3 7.4
30 days after test 52.1 15.5 25 As is apparent from Table 6, the bl ocking

rati o was decreased the amount .of the per t ed te s | ncreased
bef or e andg'af t g‘fhe[ W@ﬁggg?,reV%%Pﬁrﬂ?/S'? ﬁfgatﬂ'@“Pg}emc%‘mB\fw"- {?e‘\ag'g\/é'r se osnosi s
menbr ane was deeherabethe reducing agent is at least one sulfite or bisulfite selected

from sodium sulfite and sodium bisulfite.

6. The multistage reverse osmosis treatment method according to claim 1,
wherein the deferrization includes oxidizing and precipitating iron ions

by adding an oxidizing agent fo separate the iron ions.




I ndustrial Applicability 30 As descri bed above, the ”“lt'?t%%e rgpg '
osnmosis treatment nethod | | August 2006 15 of the presen é n can
prevent a phenonenon in which carbonate ions dissolved in supply water and
sodium bisuffite that is a reducing agent of chlorine used for the purpose
of disinfection interact with iron or nmanganese to deconpose a nenbrane of
a reverse osnosis nenbrane nodule in 5 particular, an aromatic pol yam de
menbrane. Therefore, the performance of a reverse osnosis nenbrane in the
second- st age reverse osnpbsis separati ®h nodule can be prevented from
decreasing, and stable operation can be perforned for a |long period of
time. Furthernore, according to the nethod of the present invention, since
10 the abilfty dhepndiistagegreyeseresmesis esimentnaethpd asedingitterciaim hi gh,

permeated wat ekyhétdi ﬂfxecotﬁlin@amgaﬂﬁaﬂéﬁr QRci@es! BRIBIRY LSS plek ﬁétln?s a
criterion value) can be obtained. | August 2006 =~ 16 CLAI

mul ti stage reveaBoFEsEdoNS hy addingan °ﬂ€‘?‘ﬁ8@9€@rﬁﬁﬁe§¢fﬁ§ the @sneetesg |1 quid
to reverse osnosrg. treatnent in a first-stage reverse osnpsis separation
nodul e; adding an al kali agent to perneated water obtained fromthe
first-stage reverse osnosis separation nodule to adjust a pH value of the
permeat ed viat er The raulisiddeateverse rasgiosis; treatdertuntthed ascdiiing tto repimt he

perneat ed wat er thQrefnelﬁg Péc?art\?a?(ggt?én is %ngg%t %ﬁgireét efit sse?e%quroﬁ'F @e%ﬁogﬁtever €

osnosi s separation no ge reverse o0s
'separ ati on nodubga den@rbmoratqu&r@esmwatestormmtaamdeaddaam thipugh sal t

bl ocking ratio dfing 43. fidy FRAReMORAPRBHALE ddthoNBy O rofbrBOC, 200 an

operati on pressure o using a solution of 6.5 to
7 and a deaerator, treatment by a vacuum deaerator, treatment by a nltrogen

- deaerator, and treatment by a warming deaerator.

9. The multistage reverse osmosis treatment method according to claim 1,
wherein the deferrization andf/or demanganization includes adding a chelator
to form a complex with heavy metal or heavy metal ions, thereby separating
the heavy metal or the heavy metal ions.

10. The multistage reverse osmosis treatment method according to claim 1,
wherein the deferrization and/or demanganization 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.

11. The'multistage reverse osmosis freatment method according to claim 1,
- wherein the reverse osmosis membrane of at least one of the first-stage
-reverse osmosis separation module and second-stage reverse osmosis
. separation module is an aromatic polyamide reverse osmosis membrane or

" its equivalent.




concentration of 3.5 wt % as raw water, and the second-st?gg_re¥36%§
. . . . Ugus
osnosi s separation nodul e i ncludes a reverse osnosi s nenbrane~having a
salt blocking ratio of 99.0% or nore 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 0.05 %W %as raw water, and the second-
stage reverse osnbsis nenbrane is an aronatic pol yam de reverse o0sSnpDSi S
menbrane or its equivalent, supply water to the second-stage reverse

OSDSI 5 Sepasal | i miiRdiigs refersdlBAELR rdafingi SALHOY BEAILiG 1o LRIAr 11 2aL 1 on

and/or demangani zation, and addition o I sinfectant contal ning chlorine
and a reduci ng hgEPPrisiiH abdeash dne suhsedesnt iravarse osewpsisdsenafionr ever se
osnosi s separ at i ggqyeodul e. 2. The nultistage reverse osnobsis treatnent

met hod according to claiml1l, wherein a pH value of the supply water
supplied to the second-stage reverse osnpbsis treatnent is in a range of 9
to 11. 3. The multistage reverse osnosis treatnent nethod according to
claim?2, wherej He Rultisiage Jevarse psinpals Jigghnent iaethed aapnsving do tgimhe

second-stage I eyer SyRSGERSibordr 981 FERbvAdS ih Nat? |dRPIGhEf subsbQudfl- | |
August 2006 16a 4 The nultistage reverse osnosis treatnent method

accordi ng to cl deMeree osiiasisciapaationmasyle: ati on 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 6 W.th respect to 1 ng of chlorine. 5. The nultistage
reverse os n&fgi s f{rr? éféﬁt%tw"ﬁs? sybiegting lighidgto; BUlisiags reversghep@psist he

reduci ng agent itfea@hentegmiprieig: sul fite or bisulfite selected from sodium
sulfite and sodiumbisulfite. 6. The nultistage reverse osnosis treatnent
net hod according to & ﬁfﬁtfﬁtf,ge (RMBISE] PSPPORS gepaRlion, adyle inskidinged oxi di zi ng

and preci pitati ngvers®Bsth&kSmembrane having 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 3.5
wt % as raw water;

a second-stage reverse osmosis separation module including a
reverse osmosis membrane having a salt blocking ratio of 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 concenfration of
0.05 wt % as raw water, wherein the second-stage reverse osmosis
membrane is an. aron'latic polyamide reverse osmosis membrane or its
equivalent;

means for subjecting supply water to the second-stage revérse
osmosis separation module to decarboxylation;

means for subjecting supply water to the second-stage
reverse osmosis separation module to deferrization and/or

. demanganization; |

means for subjecting supply water to the second-stage
feverse 0Smosis. separation' module to addition of a disinfectant
containing chlorine and a reducing agent; and |




by addi ng an oxi di zing agent to separate the iron ions. Aggsltl?f) ﬁr2006 17
7. The nultistage reverse osnosis treatnent nethod accordl ng %
wherei n the demangani zati on includes oxidizing and precipitating manganese
i ons by adding an oxidizing agent to separate the manganese ions. 8. The
mul ti stage reverse osnosis treatnent 18t hod according to claimi1, wherein
the decarboxylation is at |east one treatnent selected fromtreatnent by a
decar boxyl ation tower for passing water to be treated and air through a
filling to perform confgeey Poétﬁldﬂ'élﬂtanoﬁikﬁhaigent tor eermeatad \bgrteaolnisrmdane
deaerator, treat gen
deaerator, and t@?ﬁﬁ&s@st‘é@%Véﬁr%ﬁﬁﬁ%u%é?%é{%ﬁngiBEhE'jﬁ t| S Igge reverse
osnosi s treat mentalygeiibg D&%@ﬁtﬂﬁi M’thrdﬂ an alkaling regigier ei n t he deferrization
and/ or demangani zati on includes adding a chelator to forma conplex Wth
heavy metal or heavy netal ions, thereby separating the heavy netal or the
heavy netal ions. 10. The nultistage reverse osnosis treatnent nethod
accor ding_t 5.l alig b tnatheiRduid deﬁ&roramgtfoom dipr wAerBAGARI zat i on

i ncludes adding a scale inhibitor rorm ex wt eavy netal or
heavy metal ionsSUPPher wBier %aamutngtmmesw@ad;stm deveiset RemMAdiavy net al
ions. 11. The metpbsét@a%(ﬁn@hﬁ@amuémtd%Tga%?b gayhod according to
claiml, wherein the reverse osnbsis nenbrane | east one of the
first-stage reverse osnpbsis separation nodul e and second- stage reverse
oSNDSi S Sepgr aty e ' Si s
menbr ane OI’@@I tsu%nqgl val Lrﬁ%dll&mﬁ’ﬂa%d?ﬂ@? %Oglgwigg %ghér‘%}gplrim tS ge reverse
osnosi s treat nerwatﬁétmll%d:d@rmenge@@dcst@menrelerseommw ragpatativeast one

subsequent reverfgqs RRs LRI Rld Ritge of 9 to 10.

17. Use of the installation according to claim 14, whe_rein the disinfectant
has a concentration




- agent; and ¥

nodul e. 13. The nultistage reverse osnosis treatnent nethad acco(gkng to
claim 12, wherein boron is renoved in at |east one subsgﬁu%W$mt# erse
osnosi s separation nodule. 14. An installation for subjecting liquid to
mul ti stage reverse osnosis treatnent, conprising: a first-stage reverse
osnosi s separation nodule including a reverse osnosis nmenbrane having a
salt blocking ratio of 99.4% or noreqgwhen operated for one hour at 25*C
and an operation pressure of 5.49 N&a, using a solution of salt with pH of
6.5 to 7 and a concentration of 3.5 wW %as raw water, a second-stage

reverse OSnoDSI S j i i i ; i nbr ane
i 8RN (?fg!? tgvgb#bggamiﬁé%a@cfﬁg adY RESE c@ﬁd’é‘ﬂgh?or{m

having a salt bl ocking .0% or nore Wwhen operate or one hour

at 25*C and an dparangeni 3dp S4ugwith sgspectta 1 mpaf cilgingg a sol ution of salt

with pHof 6.5 to 7 and a concentration of 0.05 w %as raw water, wherein

t he second-stage reverse osnosis nenbrane is an aromatic pol yam de reverse
osmosi s nmenti-ane’sr of the inglgliatipR) ageording e <laimr 14 uMheseini the 8H¥ENg wat er to

the second- st agegeRieat RassHEAffe SERANIRM RS sbAuraeidany! ation;

means for subjecting supply water to the second-stage reverse 0Snosis
separation rmduISQd'Pg" Qi%'-f'gt?fi zation and/or demangani zation; nmeans for
subj ecting supply water to the second-stage reverse osnpsis separation
nodul e to addition qf, a,di ?i nf ect an cor]t_ai ning chlorine and _a reducing
A&&ﬁﬁh%@%* latiog-aceREding fooriaigh i hessn dh defermiegtion ¢ o

per neat ed wat er idicRis N@datibh Cindt pRcipitaidn 5t @86 IbRY B)'S &dafiBR SdfSarpepar ati on

nodul e to adj ust H
J ox%iﬂ?ng agent to separate the iron ions.

20. Use of the installation according to claim 14, wherein the
demanganization includes oxidation and precipitation of manganese
ions by addition of an oxidizing agent to separate the manganese ions.

21. Use of the installation according to claim 14, wherein the
decarboxylation is at least one treatment selected from treatment by a
decarboxylation tower for passing water to be treated and air through a
filling to perform counter-current contact, treatment by a membrane
deaerator, treatment by a vacuum deaerator, treatment by a nitrogen
'deaerator, and treatment by a warming deaerator.

22.  Use of the installation according to claim 14, wherein the deferrization
' andfor demanganization includes addition of a chelator to form a
complex with heavy metal or heavy metal ions to thereby result in
separation of the heavy metal or the heavy metal ions.




val ue of the perneated water in an al kaline region. E%&
installation according to claim 14, wherein the supply ma er £ led to

t he second-stage reverse osnpbsis separation nodule has a pH value in a
range of 9 to 11. M Use of the installation according to claim 15, wherein
the supply water supplied to the second-stage reverse osnpsi s separation
nodul e has a pH value in a range of 0 10. 17. Use of the installation
according to claim 14, wherein the disinfectant has a concentration 11
August 2006 19 in a range of 0.5 to 10ppm and the reduci ng agent has a
concent rat i g8, | sdiof R8Gatsh beodallg Wiiafin 1ESHRGir B e liofi N Of I ne.

18. Use of the installation accord to claim wherel n the reduci ng
agent is at | easindfidenanganization 'B‘?' sfaddifionef ecacely inhibitordedormasul fite and
sodi um bi sul f t Gondelex. Wi KRy Hethnal AbA indth 36RO et Orliif 14,

wherein the deferrization includes oxidation preC|p|tat|on of iron
ions by additi orfégaralian OUJ@PG‘PQVh'@eE’é@hﬁ!‘eﬂ@a‘é\é’paiﬁh@ést he iron ions. 20. Use
of the installation according to claim 14, wherein the denanganization

i ncl udes oxidation and precipitation of nmanganese ions by addition of an
oxi di zing agent to separate the manganese ions. 21. Use of the installation
according to claim 14, wherein the decarboxylation is at |east one
treatment selected fromtreatnent by a decarboxylation tower for passing
water -.to be treated and air through a filling to perform counter-current
contact, treatnent by a nenbrane. deaerator, treatnent by a vacuum
deaerator, treatnent by a nitrogen deaerator, and treatnent by a warm ng
deaerator. 22. Use of the installation according to claim 14, wherein the
deferrization and/or denmangani zation includes addition of a chelator to
forma




conplex with heavy netal or heavy netal ions to thereby result i
separation of the heavy netal or the heavy netal ions. | ﬁ‘i‘fﬂlﬁ{&b%OOG 19a

23. Use of the installation according to claim 14, wherein the
deferrization and/or demangani zation includes addition of a scale
inhibitor to forma conplex with heavy netal or heavy netal ions to
thereby result in separation of theojeavy nmetal or the heavy netal ions.
11 August 2006 20 24. The installation according to claim 14, wherein the
reverse osnosis nenbrane of at |east one of the first-stage reverse onosis
separation pdulng AOEIRRACRLORIRIR LENEHIACWASHRS e AGRAIAbAREgrodul e is an
aromati c pol yam de reverse osnosis nenbrane or its equivalent. 25. The
instal |l ati on acdeqmefrape chatleastraneswf the fifstssun govarse emesis sgparaiglbsequent
reverse 0snosi s nsRRRY 8hd QBcoRIsthGe réfrsdIesm&dis sBBaralis] flddald Rnaficcording to
claim 25, wherein repoval of boron occurs in at |east one subsequent
reverse osnosi s EYPHICRAFNIGH ERYPSE gsMosigpRIERrape obits apivae@dT I n a

nmul ti stage osnosis treatnent nethod including: subjecting liquid to
reverse osnpsis_treatnment in a first-stage reverse osnpbsis separation
modul e (3 192 ad@fnfsigfatign Accordipgnto Falih d 4o CAIRREWIpaE Heaste®S wat er (5)
to adjust a pH yabsequent relists®BEMBAS SehatBid médule.] N an al kaline region; and
further subjecting the perneated water (5) to reverse osnbsis treatnment in
second and subsequent stage reverse osnpbsis separation nodules (32), the

suppl 'y wat e26. ( 5)Usk@f tHeinstaRstivf-atadigl 6 \cRiiri 250w ABIrbrenfvBPsfBoré modul e
(32) is subjected to, at |east one treatnent selected from 10 deferrization,

demangani zat i onOCeHER Ky dsaAt 9P SrPSeIHRNtARIESS SHNRNS seraptiogeRdule nd a scal e

i nhibitor. Because of this, nultistage reverse osnobsis treatnent




-

is provided, in which the separation performance of the s
subsequent stage reverse osnosis nenbrane nodul es is enha
- can be separated and purified to a high degree,
15 are not dissociated in

bl ocki ng

10

15

a neutral regifon can be separated at a high
ratio. S

ABSTRACT

In a multistage osmosis treatment method including: subjecting
Liquid to reverse osmosis treatment in a first-stage reverse osmosis
separation module (31); adding an alkali agent to the obtained permeated
water (5) to adjust a pH value of the permeated water (5) in an alkaline
region; and further subjecting the permeated water (5) to reverse osmosis
treatment in second and subsequent stage reverse osmosis separation _
modules (32), the supply water (5) to the second-stage reverse 0smosis
separation module (32) is subjected to at least one treatment selected from

- deferrization, demanganization, decarboxylation, and addition of a chelator

and a scale inhibitor. Because of this, multistage reverse osmosis treatment
is provided, in which the separation performance of the second and

‘subsequent stage reverse osmosis membrane modules is enhanced, and Liquid

can be 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 high blocking
ratio. |

ﬁ@gn? Sﬁﬁ@”q i qui d

and boron and the |ike that




