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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 ¢ the case of treating boron that is dissociated into

~an ion state atRgekhtdy, arsepawation technigque 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




the bl ocking ratio of the reverse osnobsis nenbrane with rfé Ectt%ﬁgporon S
enhanced greatly in this pH region, so that the supply wa 4} 35
second- stage reverse osnosi s nmenbrane nodul e nay be supplied in an

al kaline state. | | August 2006 2 However, in the case where the supply
water to the second-stage reverse Gsnosis nmenbrane nodul e contains a trace

anount of i1 o QfevelBAIRRRSS %ﬁ@ﬂ% telll\r@t)ﬁp?%wgo t%ncﬁgggéoqlrdi-&%l%@f the reverse

osnosis menbrane nodule is tota : yam de, particularly,
nmanganes EeVegpRsosmaenis menpr age daeds icontainod trdce ampywit ofixsmeti ¢ pol yani de.

Accor di gy ahB& BhYI¥hEY alifiémb QtiflofthE rFESERimbAYENt i on,

particularly, in the case where the supply water to the second and
subsequefemhzangraodids i total gramaticpo eapartisobulyemapganess iong an al kal i ne

st ate, | ' : ' jsulfite that is a
hsahiasappatehan SOy ER A Y

reducing agent of c . ecting a systeminteract with
iron or mangAsesdingtoddedimds by the nveatewafithe prispabinyensiont he rever se

osSnosi s pﬁ%@l@?ﬁh{m@-ﬁé&wﬂ\é}%ﬁ@éﬁgﬂy : ciu%f% fHe'\sE ﬁaﬂﬁ@%é%%wi%@gr ane

performance w not be exhibited. ‘D sclosure of Inventi cl osed

herei n i §t4geFEYRIPS Porgesis ayembeansonadules i ecttinem alkalinedtaten which the

separ at i giisHoed LAHRAGE: RhnsIEETD Qzﬂi’s&digﬁlel‘}i o HRYE SredURfilgs! 5 renbr ane
nodul es i s h|%h l'i quid can be separated and puri Leg_to a hi gh degree,
and bor oREaH@Ichlormadesedar disinfepiang gisystsa mterhativish irentaral  regi on can be

separ at e&xaﬂgaﬁe%i tﬂhie*ébﬂa%éé‘ﬂyté?éﬂo&ﬂ%l%fdesé 9YE rbFUSE BEMBSTOS! S

treatment nethod can conprise: subjecting liquid to reverse osnosis

t r eat meniepbrang mpdyleswhereby eviginabrayeraegismosis anembiang performance addi ng an
al kali ag@ntof Be ERSHLARAI ned perneated water to adjust a pH value of the
pernmeated water in an al kaline region; and further subjecting the
pernmeated water to reverse osnosis treatnent in second and subsequent

st age r epel-RRuBS fPRIvengigRar ati on nodul es, wherein

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




supply water to the second-stage reverse osnpsis separati nmod | S
subjected to at | east one treatnent selected fromdeferri i{;f:‘flg??%&é
dermangani zati on, decarboxyl ation, and addition of a chelator and a scale
inhibitor. In the first aspect, there is provided a nmultistage reverse
osnosis treatnent nethod conprisina? subjecting liquid to reverse osnosi s
treat ment, . Do @dqfa 15k ey i l.on e; adding an
ol kol agerrCa A Al anaAeg i AhE RS SR BB RRENOT om t he
first- st apluleterdustospsiabuedihe aermoratedwatésintzn allipling regiql val ue of the
per meat ed,WahRhet %@&tﬂ#ﬁk?@&a&ﬁgﬂ%’ze AN ERE LGNS It'rl%lagxﬁg g the
perneated water to reverse OsSnosis {reat ment Th - a eecon -s’tlage reverse
osnpsi s Sdeqrel stage rydiiecsmolisrseparation thodwe,- st age reverse osnosi s
separ ati on N cSeil,hb Hd mosi | a salt
bl ocking ratio of 99, 12’1% %?t%er%%gﬁﬁéﬁmﬁélgﬁgé%é@or $itfe ﬁ%ﬁlr‘ﬂgta 25'C and an
oper at i oeysreseumesivmegbrgneraying asalidlerking ratioof 99f4% et tiové t h pH of 6.5 to
7 and a GHIGERLEARA 8} ik Bur a ?°°(9 A ﬁgﬁéﬁﬁ%ﬁr redifl LIE4SRASND- St age
reverse osnosi s_separation nodul e i ncfudes & Feverse oShosh <’ menbrane
havi ng ausaeta slede efgsaltavith pbt ofdhh 694 end movecenitadtonof &faveth 40r one hour
at 25' C and valePREAZHE g : | S: Lon of salt
with pHof 6.5 to 7 .ang&gﬂggﬁ%gr{t%‘rf%{s?gﬁzé 1%%?§§ﬁ&%g§le@g%%\gter, and the
second- sRIgeeTpeOEReEs meniyRse havibe aralt Wodvingratinee 99.0%of yawe de rever se
oSS! S WHIRIRBRAN forlohe BAUE KRHO andhR BbdaliBh Rledstnd SR PLEANY- St ag€

ule I's subjecte %o

reverse osnosis_separation nod | ~decar boxylati on,

def er ri z4INGR solatian ofgaltemigh pHkeft6. e, 7 and a cadaintiasionaf 005dis6rdsect ant
cont ai ni pgy GhHleF A8 AN Bnl SEIG! : - din the
second- st age r_evgrse osrmrslfls%gr%ﬁg%“&%ﬁ%ﬁ%%ﬁ%%%@%@%ﬁcd aspect,
there i spﬁyémlwvaweiqsmpaﬂmwm neer itsidauesiéntg |iquid to nultistage

reverse 0SnNDSL 1L ﬁ'\ﬁatt%tthe %Qd%ﬂﬂlsgéré%%evérsre ok Rbais E&gﬁaﬁgﬂ Gl LRosi

separation nodul'e including a revers
subjected to decarboxylation, deferrization and/or demanganization, and

s

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; _ '
" means for subjecting supply water to the second-stage reverse 6smosis

-~ separation module to deferrization and/or demanganization;




.osnosi s nenbrane having a salt blocking ratio of 99.4% or ] wgg%
operated for one hour at 25 C and an operation pressure o% usy , using a
solution of salt with pHof 6.5 to 7 and a concentration of 3.5 W % as raw
wat er; a second-stage reverse osnpsjs separation nodul e including a reverse
osnosi s nenbrane having a salt blocKing ratio of 99.0% or nore mhen

operated for %k%n@?éi‘r S é}ecﬁﬁHg g\flﬁfél? W gbaﬂldpgtg M@r&%fosglog'% usi ng

a solution of salt wt a concentration of O. 05 w % as
raw wat égpargHen siadulee asiéwfﬁ @gqurcéwtr@@ta;m rinerdstd@e i s an

aromat i C yo PRI YARBHAE {RVer se osnosis membrane or its equivalent; neans for
subj ecting supply water to the second-stage reverse osnpsis separation
nodul e to dec #9888 Joradding anplkall geent npsreeaiefgvateppbtained &emt o t he

second- s&ﬁegﬁrsrt%vaﬁg@%@va@m&m %%%ﬁ&ﬂ %dﬁg%'aaj&seagﬁ PhlubpREAPLN- and/ or
demangani zat i on; August 200 2b nmeans for subjécting supply water to

t he secoﬁﬂr@?%éwﬂéﬂéns?@@k ¥gi®eparati on nodul e to addition of a

di sinfectant containing chlorine and a reducing agent; and neans for

addi ng an alkall agent to per neat ed water obtained from the first stage
reverse &dlpbblescryg rawiegsdul e to adj ust a pH val ue of the perneated
vater in an ag meaﬁfo%s%a&rahféh&ﬁﬁg ahREL RIS Lotbelder 1 15 2
process di agram showi hg an_exanpl e of configuration of a reverse osnosis
separ at i éﬁe‘éﬁﬁﬁ%@%‘éﬁéﬁ S HIOTHARPAEATUS; Qf\ﬂé?lpl'et‘e‘ﬁnt inventitfeavy metal treat ment
appar at us, . He@¥W %E:ﬂrtréﬁﬂiént Ep%al‘%‘t@éj%t 2000 wabertank; - f1rst-stage
reverse OSHDSIS separatlon nodul e ! “second-stage reverse 0snosis
separation nodule, 4 ... ion exchange tower, 5 ... second-stage supply

wat er tank.




_ per f or man@8Y&f heayy meiabsuch as Wﬁ@cwhonataee@pé
-enhanced. dIé%uls:edirtsﬁﬂiﬂywbltetadncbsoafuxﬁbismﬂtemmtaé alr&d@cmgagafte;f t he bl ocki ng

5 Best Mode for Carrying Qut the Invention The present in ntlon been
achi eved based gn the finding that the performance of a O‘ g‘ésé Si.s

+ menbrane is not decreased by removing any of heavy nmetal such as iron and

manganese, carbonate ions (HCOA dissolved in supply water, and sodi um
hisulfite that is a reducing agent o8 10 chlorine, which cause a decrease

“in the performance of the reverse osnosis nenbrane. According to the
- treatnent nethod of the present invention, dissolved carbonate ions MX

and iron or nmanganese ions, which inhibit the original performance of a

reverse OISt E@ng&:'%%e &Fﬁsﬂ%&pé’dﬁéﬁ bRl by %écoﬁﬂ%’i@%txeb&s system

Therefore, while t exce nt separati ({) on.of a reverse
0SNnDSi S né’ﬁ‘i?f’%iﬁéeﬂaéaﬂ%‘? ﬁeﬂl I‘Fh"é‘cg%‘ﬂﬁrtﬁ’f"%% -§560% ?%ﬁ?\ﬁ‘émgf a reverse
osnosi s nevdieataaknodul e can be enhanced remarkably, In the nultistage
reverse osnosis treatnent nethod of the present 20 invention, the pH val ue
of supply water pref rabl y IS 9 or npre. The following is considered:

boron gendestMode for Lo At thesnventieny  which is not dissociated in the
vicinity of neurhaj;repémtambdtmndﬂsbeamdﬁe\kbdﬂabatmme fisdipatkited) by a

o e SRR e %ﬁkﬁm?@{mﬁ%rgﬁﬁ&ﬁhﬁg %E,;?%nm%bor'  acid

ions in an a i N€ Feglon at ore
9@ boron is

rcecdl 150 bR chuC RRERE m B P RRHPRR G ot e AV R o

-

merrbrane m%@lﬁéﬂfornance of the reverse osnobsis nenbrane is decreased. .30
Therefore, the A&@ifcﬁngwmeqwn@ht m%tm%fﬁ[@ﬂegedtﬂnaeﬂtﬁﬂgﬂls%lv&lt0 11, and

(o set ¢ nopndta i GICaEE aRg irtp cf apsneansae ns, ARtk BOE i
hydr oxi de omgingil ppxfommasfee ofip reverss demiosis ngnolbiane deremot stbstang@allse| | ent i n
sol ubiibi t YréRn ¥R £EystEA. t't'ﬁérefotle IwhiRARY ohﬁmfﬁf‘@ﬁﬂeﬂenﬁs:épgi’ﬁddﬁer nore, by
adding al kal i, hydroxi de, metal 19 5et Lhe BHlyalug, of. Sunpl,
performance of a reverse osmosis membrane module can be enhanced
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




water in an al kaline region, boron can be separated effec f ej%%’ ?r@d]ﬁg a
scale <caused by netal ions is not generated. Therefore, % B n, in
which a | | August 2006 4 scale is deposited on a nmenbrane surface to

: decrease a treatnent efficiency of -liquid, can be prevented. According to
~the nmultistage reverse osnosis treatfrent nethod of the present invention,

" a reducing agent nay be added to perneated water for the 5 follow ng
reason. Practically, a disinfectant such as chlorine is added often for the
pur pose of disinfecting an operation systemof a reverse osnosis mnenbrane
[mdulh Ie amhl@iscﬂeﬁbﬁfsaﬁl?(ﬁﬂ amea{t{]m@é sudzsaqertbae@@ﬂ?é)yt@dei??ﬁtemd&ﬂ%g ng I?gfnt

o chlori r i ke, e reducing agent, a sulfite or a bisulfite

pr ef er abl 9&@’%%&?@9’8{5% hg a sulfite or a bisillfite with the 10

above- ment i oned\gpuling tethgnpultigtaga reveaseosmetistreatmatiendthedeofdha be produced
stabl y bypﬁesgﬁmﬁré@ti&ﬁrﬁ%ﬂtﬁciﬂ?Hﬁﬁgh%wvgh@tl@d%tdaﬁ%an%&w&%yg&ce suchbas
generatio .8 mi_croorgani.sm an radation of nenbrane .performance by a
di si nf 2ct g"ﬂi@‘“%’@@ﬁ%ﬂ'nﬁﬁi@% q&ﬁﬁ%%%@@ﬁ\?@ﬁ&@%ﬁ%@&@%é@&t ment met hod
of the 1brpheparmosg ofdisinfetinganopemtion systaps oba remtseasmogisef erably is a
pol yan demehitn SRIBALR Snd Yk @nfRbS LEARE Yo ?ﬁmcé%iamgah@@%gm ane

verr anc. AP G BEARe 35 Bkt HEF s kY PElRBLAGBA(s PHE 5¢ osmost s

boa birifieon
* per f or nanpeeferablytiemsedr Msausihg & yulfide dr s bpsmifitei vaith geyr f or mance of ionic

mat er i@l Sab@RUneiftididdiihfeclf REAHALE wAIAUITHE RKE Chiy bé ﬁ%ﬁhlgegﬂi ¢ substance

.such as iso | al cohol and uch as ron a bl ocki ng
ratio. AcEtGB{i'ﬂ%a T TP SHPEIS; ragmppang e vHdgataay influgrepsvch 88t hod of t he
present i gerematiomof 4 mécreoygphism@idedectaddtion cfas@nbrasedgforngMeiedy OSNDSI S
separati op gimdlient S subjected to at |east one treatnent selected from 25
deferrization, cfe \ngani zati qn, decarboxyl ation, and additjon of a chelator
and a scal e i nHicBIOEIE torthganultipiage reviexssn damnsts lreatment pwthastofdhe wi t h r espect

to suppl ypmaterinventidie afrev@be 64nP@6 hemdi st PRfGbly is apalyatidn nodul e, as
yvel ! 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 refexred 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
- soasto oxidize and precipitate metal ions such as manganese and iron in the
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“menbr ane Kerthermare, melialwns san bevempeadiy direathytintro

- separ at I on

as perneated water of the first-stage reverse osnosis sep ﬁogtlogzd&dul e
bef or e -addi-t.i on«of an al kali agent and/or perneated water

first-stage 30 reverse osnosi s separation nodul e after addition of an

al kali agent. . According to the preé i nvention, as deferrization
(hereinafter, also referred to as e renoval treatnent"), and

demangani zation (hereinafter, also referred to as "M renoval treatnent"),
a general nethod for renoving heavy netal such as iron and nanganese can
be used. Exanples thereof 35 include, but are not limted to: a nethod for
addi ng anpexiedital wateagadithetsafter, passinp bise restltai prem@ated vdter and pot assi um
per mangangl 6, aﬂfemﬁﬁéaﬁ }i@fe%ch %9 aﬁﬁe&&oﬁﬂﬂhﬁgn@]&l%ﬁgﬁ pid ate metal

I ons suc ngan Iron 1n the -- - ----= guset 2006

per meat eglle@a&c’ewemoa% q% aqrtlré?nenﬁ%%drﬁgm@ﬂ@drf@smdﬂ%m chlevigpdyral wat er
lthrk ough aommbrgeafgenﬂnd:hlae chloeineds parmesed Svaér, f)aéshﬁgﬂh@geﬁﬁfdmanehlor t he
| Ke t r a orine
type %XI[?I Z| %&éi}ga%? suc@g)as cﬁpégfﬁr‘lgﬁgg&eg%%?f%"fgh g ng the
resul t anta sl uﬁ@f%g@é@g\ﬁmr@mﬂw@g eéOPKIIdlzé e@mtaﬁamgesgand or a
floati ntg AV ERewihg theéluﬁlhdlleté db@atﬁhad Wlﬂ?% ﬁ&ﬂmﬁﬁgﬁh&%g?uélpaﬁé' dlt ﬁe and
preC| PI erin e | us optal hed w a
per neat i ?ﬁl&r?e%&%ﬁgg es%leﬁlgra&g ﬁfé\ierﬂ'& g bf‘l"b t}o ?%ge ?385?%6( Bn f Icll tering
penmdaged enoved by
directg y wider @@Iuemgsmmatxﬁanbﬂ&ewab&ﬁe {PpEfordl PhraRatisA g iueTbr ane

. hodule tq rform ation wt erform ng such prelimnary netal
" oxi di zi nd® e?f ngh Et

O RETHC PERY mel r¢at@epkt er acti on bet ween iron and
manganese, an&nvmlmmsmmmhd(m:cam bdiweerentug iand neegeanese, t i s

pref er abl gd ﬁh%tdzéshl%ed m&n&%@fed eht,iBis ptbRBSh1E ﬂi’a%ﬁ@ OSMDS| S

ected 15 t.o deferri zat] on nganj zati on.

However , p%'f’"iﬁ‘éé‘{ gﬁ’%ﬁ "Sage peyesse ?SH‘C@}S Brazahonmo %St el er se
osnosifs stepﬂafm‘mmmmmumdleenManmtmddl Hoorvef thegpermleladi watge(H say be

subj ect e%otﬁ?’ ﬂ{e%éﬂ ﬁgé Aefddths Qfa%hin?({& eﬂ-é}bﬁe Orfofl S NO

parti cul ar g]l I nC n an nese ma[y1 I rect factors of
deconposiar\’ga}k agent may be su jected t errization an demangamzatmn

Thus, there is no particular hmxt
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
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




20 an aromati c pol yam de reverse osnosi s nenbrane nodul e,lf% isS g&@t
88k enoval

# effective to rempve these heavy netals by the above-nentio

«and renoval treatnents. However, in the case where this direct renoval
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(pol yam nqacar bo ate),,
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aci d, temperature, and the permeation flow rate, and there is no particular himit 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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kind of an agent to be used, the progerties of liquid (calcium hardness,

* phosphoric acid concentration, etc.), the liquid tenperature, and the

: permeation flowrate, and there is no particular limt to the adding
anount. In general, in order to trap heavy nmetal and heavy netal ions
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the first stage) and/or pelmeated 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
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property and | ess effect on a reverse osnpsis nenbrane are used preferably.
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r ef erabl e of tglanictembstances 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 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, 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
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treatnent are all perfornmed. Practically, an effect can b Bihi by

- performng either of them In this case, the concentration of HC03- and the
| I August 2006 8 concentration of iron and manganese in the supply water
to the second-'stage reverse osnpsi$ separation nodule are determ ned
appropriately depending upon the treatnent conditions. There is no
particular Iimt to an alkali agent used in the present 5 -invention.
Exanpl es of the al kali agent include al kali hydroxi de netal such- as NaCH

and KOH, 250098 ddMoBdepaation l%}ﬂ&%%\%vh'ﬁ erﬁﬁ%ﬁ%ﬁﬁ%t@r é%f Pe as Na2CGB,

silicate, ndth%f?ike..Alka r oxi net erably is used since it
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wat er ,. dotreatrhemte meydieq eafoymed atith wapestdo bhe supply wateend thiet al i ons, and the
10 like. ﬁpﬁrﬁaé&eﬁ&s@ﬂéxﬁésﬁéééeiyﬁré&m hollQed mMaterial constituting a reverse.

osnosi 8§ menbrane useqd Int everse osnpsis separation nodule in the
presen? invent idfFeIngY; 1"2?9&%3%‘}“%}&?‘1%“4“ bridesgribesbindatail wither i al s such as
cel | ul oserefexena¢ to, thpdkawingy. FEIG Qhhbwspalexamiplieof P@nfigatfion gfad the |ike
can be 15 . I ' - rever.se gsnosi,g nmenbrane i s
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kinds of 2BRajahisinduges aheavy metahtrgatment; dexice ddfotanoving e and/or

“trichl or ohbi doabeined i liduid (el habko b@tgﬁgiraté’@aﬁd putiféd Yand dirdvhe case where

an ar ti W : onpl.e rane i.s applied, the effect of the
presemmz gferl{&gjﬁ]%/?gaﬁ%?osrwg%‘gwgged: @géa?awg?&ﬂlé@@ﬁmél Wehbrane formof a
 reveér se oS¥bstagerevaysaefmosisreparsiongnodwle 8l phranghadrandpoat pweppr ane. The

t r eat ment whkeh9 dirétisthgireves@ 9SMbsib theREHh b is pRiToRRed!SAH the any form
Accor di nggt resent invention J%él‘g&r ev&;sze 0sSnosi S ‘separation 25

modul es i) s{t’-ﬁéag‘r%irg\éelr’se LRSI FeParion Bt S SEAFEPeRNEAEWHE ti cul ar | y
l'i mited idischarge tube X1f&nrsentimgpermontedguatat tooam icaretcharmel tolwer 4 For exanpl e,
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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nodule. - 30 As to the hollow fibers, a plurallty of bundl ed fi bers
|ncorporated into a nodul e can be d@ed According to the treatnent nethod
of the present invention, liquid is subjected to reverse osnosis treatnent
in a first-stage reverse osnosis separation nodule to obtain perneated
water.! Then, an alkali agent and the 35 permeated water subjected to at
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transport ed 1 o AFRCitRtE B fhnciplSdon, B e A6f and S5oBAFERRE S boxyi at | on
t her ei n. OSMOSHeseRation medudes, gx:@&emh&dasaﬁdetc@ag@mmam as transported to
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agent ~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 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  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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* second-stage reverse osnpsis treatment is performed. The perneated water
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the condition of 25°C and an operatlon 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 -




_separation nodule, whereby the content of boron in the seEPBg tg&@
pernneat.ed water obtained finally can be set to be 1 ppmo %ordlng
to the present invention, in the first and second reverse osnoSis
separation nodul es, for exanple, as a first-stage nenbrane, a 15 reverse
osnosi s nmenbrane preferably is used,12nvhich has a salt blocking ratio of
99. 4% or nore when operated for one hour at 25'C and an operation pressure
of 5.49 MPa, using a solution of salt with pHof 6.5 to 7 and a -
concentration of 3.5Wm % as raw water, and as a second- st age menbrane, a

att o 50 SRR 5‘%‘?‘*&5&%&?%5’%# RatRGEs il AR, Bade Dl 00k N0
oper at i onan3@ppw o IOy with aont@snmg irpngpidunanganese was obtaindd. pH of 6.5 to
7 and a Thopemisatd aatafwdd é)ﬁwtédeopﬂ }mwmma@)H wiheQt BéiAg to the present

i nventi on r seco t age erse 0sMDSi s separation
nmodul es, crleecsa%eocp fa\;éed rmlgl?ﬁéaziiq@ s mg? C q‘Fﬁ'eW?%ﬁ“ebJ%e P &eries or in
paral 1%l , @@[@HP?S Bpwdestdor 3 t #h¢ conditiomaf @5 @ and iz opeEatidne connect ed

t oget her msaxrétépplmmb%sﬂ{géﬂmmhﬁfmn@edlﬂ%&é@%tdeﬂaﬁbﬂn‘a thereof may
be connectq ‘%"ﬁ'i%% er &@rneate @E@gﬁcha t ub (Ebjrtherrmre, by
connect i Hp%f"ﬁ'ﬁﬁse"é PSSR 20pBERG, Yer the
second- st giéODenJefr €erposatbu) svithema pfedte modbiane aned ofi6dtangfe Tablesal i nati on
-treatmentg Eﬁdwsbﬁle%ﬂo%aﬁéb of"l\,ﬁe fla# fenitfidn 8 BAY R aﬁd‘ﬁtéf‘ﬁ:% yedpage reverse
osrmv\’gf treatnent ‘'method of the present invention can be preferably used
for er conversion by desalination of salt water, sea water, and the
*like, production of superpure watBable@dnd the |ike. f:urtherm)re t he. met hod

" al so can[ be used Tor renmovijng 35 and col T ectT Mg A, AR oR of $ource or
~an effecfive material contdi blecking tatia ¥4al \A@%ﬁ@%ﬁ%@?ha li ke that
Lhite t o0

causes pr ‘LMI (é'l: auun asgye wast vater—ang—etect pai nt
wast e ] fe—-rretHod—ean 'eg gAu.gust 2806--—con cl osi ng of
wast e walter22Nss @Me Fon—tlhe rwothodBan be uded for ®9ndensatibn of an

effective conponent, and wat er treatnent such as renoval of a harnful
conponent of clg3fayEirvent BB TBYEY S large change was not recognized in the
performance of the reverse osmosis membrane before and after the test.
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.




Hereinafter, the present invention will be described nore fgeci fti%ﬁﬁgé%l y 5
by way of exanples. Exanple I An NaC aqueous sol ution (pl1—| .ug)ls a
concentration of 500 ng/L was subjected to reverse osnobsis treatnent,
using a total aromatic polyam de 10 type reverse osnosis nmenbrane M ade
Nanme: ES20, produced by Nitto Denko iXorporation) under the condition of
25*C and an operation pressure of 0.74 MPa, whereby reverse 0Snosi s

menbr ane perneated water containing 0.05 ppmof iron, 0.05 ppm of
manganese, and-3 ppm of sodium bisulfite was obtained. The perneated water
was decar boxyl ated to set the armui.gblgfs 15 HCO3- to be 1 ppm and the water
t hus obt grred—was—adiusted—o—pH-10wt+h—NaOH—Fhi-s—wat-er—was—sybj ected to
a contingous flow test for B0SgiRyRckiRgehtio (he coHapRRicH Rermeatedadd an

oper ati on—pressure of 0 74 MPa__ usi ng a flat mnﬂﬂﬁménﬁfm%’dﬂﬁde of a total
aromatic ﬁéf%rﬂmstﬂe type reverse osnB8¥s nenbrlane (Tradd Nane: E$20,

pr oduced |30 dnivs afseDEako Cor por ati on®98i th 20 dn effectile nenbrarje area of
60 CM2. Table 1 shows.the perfornmance of the flat nenbrane before and

after the test., Table | Anoun f pegmeated Salt blocking ratjo (Ow water
W n2/ day) Bef o‘?%lst"é’wf%?g’“i&iﬁsé: ajﬁ}ge ghange wasjotgecogmered indhas | g

appar ent PedonTarsesf the reviersegemobiangemase before sebaftézéd test. t he
perforgance of the reverse osnosis nenbrane before and after the test.

-Exanpl e 2E§n N,all aqueous solution (pH 6.5) with a concentration of 500
AmPLE

B

nglL, 30 ed to deferrization and demangani zati on, was subjected to

_reverse osnosisn Na€hageedus sokitieg (pHt608)alitlan oomden trapioh Wi 600 mg/lipe reverse
" OSnosi s J ‘Mg%rﬂ nﬁﬁ% | -CoE por ati on)
under t h(gﬁ gg&%i@ﬁegﬁg g?, *C an qﬁ%aqgl%g?g%ﬁ%%xgggééﬁ?geﬁgﬁaé@ﬁ ETVPa, wher eby

reverse | BYPEAGURISE 09ppgs 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 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 (m¥/m?/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-,




12 osnosi s nenbrane perneated water containing 3 ppm of S?ijiAHm?
and 30 ppm«af HC03- w thout containing iron and manganese waseeh
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fite
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As is apparent from Table 5, 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.

10

15

20

Comparative Example 2

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 HCO-,
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
was subjected to a continuous flow. test for 30 days. Table G shows the

- performance of the element before and after the test.

" Table 6

Salt blocking ratio (%)

Amount of permeated
water (m3/m%day)

Before test

99.3

7.4

30 days after test

52.1

15.5

25

30

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

As described above, the multistage reverse osmosis treatment method




per neat ed water was subjected to a continuous flow test f A30 ?2 5 under
the conditi.on of 25*C and an operation pressure of 0.74 ééa flat

= menbrane cell made of a total aronatic pol yam de type reverse osnopsi s

+ menbrane M ade Nane: ES20, produced by Nitto Denko Corporation) with 30 an
effective nenbrane area of 60 CM 2. 16 | August 2006 13 Table 3 Salt

* blocking ratio Anount of permeated water (nB/n2lday) Before test 99.4 1.1

* 30 days after test 99.5 As is apparent from Table 3, a |arge change was not
recogni zed in the performance of the reverse osnobsis nenbrane before and

after theot@atpre én@ﬁb@ﬁﬁ@n far{ Y ENQIE g &Qh%ﬂlﬁl{‘ceﬁ%hﬁe?% gith a

concentrat,]j . 500 everse osnosl s reat ment using
a total %ﬁ‘ﬂt’ ral"iﬁ%‘ﬂl‘@a@% t% é?érﬁéwﬁ?g%n@? fade Nane:

ES20, pr ochlosde byed\ﬂottlmﬂ&pMdmﬁ‘mfepﬂothem)at witharord femangshdseon of 25' C
and an Opﬁf&écb%owfﬁn%ﬂibﬁaﬂ(gaorf%s @;Pom &H%ragg\ﬁﬁfdﬁfe mosi s menbrane

per neat ed wai e{ containin ﬁ manganese, 3 ppm
of sod? unP®ituyta; %ama}?amm lyayyde B”fenﬂl';@e whbergforeithe perfomeanceaf ppm of
sodi um hex aewrspionspisahembiwmeiin ghé b&oﬁ@*stagfe)&'e@érsgﬁﬂﬂés@é $d®&r@u&he| ate was
i st ed {“gﬁ"%e“rfg‘*’%?% ﬁ?ﬁ“ﬂfjﬂ%ﬂ%%%&ef‘ A B G T o 1 0 2 opi ral
type reveP%‘@"l' v & longpeniad of igleenent (Trade Name: ES20) produced by Nitto
- Denko Cor por at IRmﬂrmﬁ@r@faccoadmglt@meé tnt@tlgmll dfvt:’tHb ﬁ&sbﬂﬁﬁv&ﬁﬂ{ﬂ @inceeverse
0snos a wat er . was ect e o a
“cont i %%oﬂ@%b %ﬁﬁ?@%ﬁm&gﬂggﬁﬁ%’&ﬁg Bs?%ga&egﬁﬁp{gﬂoher&e C and- an
* operati onwﬂwéé@ﬂr a coitent qurwlmwe}@h&k@tHMmWhmahmﬁcanof t he
el ement bigd e¥tainedd after the test.

J




Table 4 Salt bl ocking ratio W Anmount of perneated F materdénﬁlgﬁ@gay)
Before test 99.4 7.2 30 days after test 99.5 6.9 25 As i ol beitvd from
Tabl e 4, a |l arge change was not recognized in the performnce of the
reverse osnosi s nenbrane before and after the test. Conparative Exanple 1.
Rever se osnosi s nenbrane perneated water containing 0.05 ppmof 30 iron

0. 05 ppm of manganese, 3 ppm of sodiumbisulfite, and 30 ppm of HCO03-, |
August 2006 14 obtained in the sane way as in Exanple 1, was adjusted to
pH 10 with NaOH  The perneated watf was subjected to a continuous flow
test for 38 Mdmgs using a flat nenbrane test cell with an effective
menbrane area of 60 CM in the sane way as in Exanple 1. Table 5 shows the
performance of the flat 5 nmenbrane before and after the test. Table 5

Amount  of - per megfftist Fexprlfggd%;a\hgﬂisr PddtReht M@fhf%ﬂ & @?/g?@&’ﬁjectﬁ@f ore test

ri
99.4 30 days after tes I s apparent from Tabl & 5, 't he bl ocki ng

rati o was decr dig8iddtoaRversse osmgsianiseaimerss in Re filsbplagat reverdait ®MOgiSs i ncr eased

before and aft egephtaBort Rivkute; \éb@ih?!@)‘n Ak Rt &f Pt whide cb@Rise osnosi s
menbrane was decr eaﬁeg. Conpar ative Exanple 2 Reverse osposi s penbrane
e fiFt-Hi598.

per meat ed wat er'™d% 6CTR0 PeEesis meparafien medgle 9 #divt aBHganese, 3
ppm of sodi um hiatigl dfithee peririzeitedOnatpninain dkdide regidthtant F@thdr BubjB&ingane way as

i n Exanpl e 4, s adjusted to pH 10 with NaOH  The .perneat ed water was
Suppl 100 Lo a (B RMEYRE YR e grost teatment i 4 TEEnESiale
reverse osmaosis separation module,
wherein the first-stage reverse osmosis separation module
includes 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.




menbrane el enent (Trade Name: ES20) produced by Nitto Denfp Bépga&kgtlon in
the sanme way as in Exanple 4, whereby the perneated water é Was subj ect ed
to a continuous flow test for 30 days. Tabl e6 shows the performance of the
el ement before and after the test. Table 6 Salt blocking ratio W Anount of
perneated 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 ratio was decreased and
the anount of the perneated water was increased before and after the test,
wher eby the performance of -the revei®e osnosis nenbrane was decreased.

I ndustrial Applicability 30 As described above, the nultistage reverse
osnmosis treatment nethod | | August 2006 15 of the present invention can
prevent a phenonenon in which carbonate ions dissolved in supply water and

sodi um bi suffitend haﬂt.sta@eaev&w@smgs@%aﬁném me@ﬁﬂdoéédaﬁildgsﬂ)dclélﬁf 1t he purpose
of disinfection jnteract with gn or se a menbrane of

0
a reverse osnosY’ rﬁ'@rﬂa?%ﬂ?@"tﬁ%'aﬂl" therplgnfﬁgg@tl ig in aﬁangéﬁfé}'%%afq EPBol yani de

menbrane. Ther ey & cohbshtrainf IR RIBCIAS agéht i€ HEE $ahgeSITBSIose MNliane i n the
second- st age revgéegg QSIDS cilor aration nodule can be prevented from
r

decr easi ng, and® Pl B8 can be performed for a |ong period of
time. Furthernore, according to the nethod of the present invention, since

10 the abi t bl acking b hi gh,
per moat od Svat of < SHOR AR SBPOT BRI fPei BEoThL o PRI 1 s o

criterion val ueyheram theeredbting mgdnt ik dt |dasyweie 206 or bsubitéishiected
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.




1 Anmultistage reverse osnosis treatnent method conpri sing; ,sub i ng
liquid to reverse osnbsis treatnent in a first-stage reve?lséugg#rggéés
separation nodul e; adding an al kali agent to perneated water obtained from
the first-stage reverse osnosis separation nodule to adjust a pH val ue of
the perneated water in an al kaline region; and further subjecting the
perneated water to reverse osnosis treatnent in a second-stage reverse
osnosi s separation nodul e, wherein the first-stage reverse 0snpsis
separation nodul e includes a reversetfdsnosis nmenbrane having a salt
bl ocking ratio of 99.4% or nore when operated for one hour at 250C and an
operation _Eressure of 5.49 MPa, using a solution of salt with pHof 6.5 to
7 and a cohcentlPatmnylistege mversarosmosis treaimentt method sgearding de «laim- St age
reverse 0SNDSI WhBRRAT Hel OdoriRIHNEatoRC | iHYGRs? SXENAIS Cand ”Pn%c@itﬁﬁﬂbr ane
having a salt blocking ratio of 99.0%or nore when operated for “one hour
at 25'C and an "@ﬁ@?%ﬁsgd?ﬂspl?ye@ldmgea'bf’x'é'?mﬂ agpnf to pepargtedhe mangaraseof sal t
with pH of 6.5idme. 7 and a concentration of 0.05 wt %as raw water, and the
second- stage reverse osnosis nmenbrane is an aronatic pol yam de reverse
osnosi s nenbrane or its equivalent, supply water to the second-stage
reverse osnbsi s Thepaulidiagenrevense ulsmoss tsadthentt reethbd adeardindg ax \diakhi N,
deferrization a DBIAGE Lzat.i [ | Si t ant
cont ai ni ng chl o%%fnatﬁ%‘aa reglhé&ﬁéggggﬁp ?Ie g%%hﬁéf%ﬁe%%egq‘?og{n@%?%g@n t he
'second- st age r evipgiecabmnidtion towen fartpassing watduloche tRatetiremdrain thiosiglage r ever se
osnosi s treat megj; h C i | aj , ej e of the
supply wat er sug%ﬁ]ﬁg ? %ﬁe%%‘é@ﬁ%@?fégcgh%%vﬁa\é@%shgs?s'%'ltéb" }esg%ngrent isin
a range of 9 todeaeratgr, tygatment| by st ygeuurme\deperatons realinent braa rmitragenet hod
according to cl aesBrator, W GESIANT BYea WEMYAY H&achiod N€ Supply water supplied to
the second-stage reverse osnosis treatnent 1s in a range of 9 to 10. | |
August 2006

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.




16a 4 The multistage reverse osnosis treatnent nethod acc?{?‘iugg%aﬁ 6cI aim1l,
wherein a concentration of the disinfectant is in a range 0 : % 10 ppm
and a concentration of the reducing agent is in a range of 3 to 6 ng with
respect to 1 ng of chlorine. 5. The nultistage reverse osnosis treatnent
met hod according to claim1, whereint&he reducing agent is at |east one
sulfite or bisulfite selected fromsodiumsulfite and sodiumbisulfite. 6.
The nul ti stage reverse osnosis treatnment nethod according to claiml,

uier i 1 he slef T il i8idrds BnBUL Al GBS SELdhg L Mhah 00 | ons

by addi ng an oxidi zing agent to separate the iron Ions. August 2006 17
7. The mul tistagh FeVBISi @&Aeast Pner suhspavant revererl csaesisdsengrationcl aim 1,
wherei n the demgfg@sizati on includes oxidizing and precipitating manganese
i ons by adding an oxidizing agent to separate the nmanganese 1ions. 8. The
mul ti stage reverse osnosis treatnment nethod according to claim1l, wherein
t he decarboxylatjon is at |east one treatnent selected fromtreatnent by a
decar boxyl afif-on thswawltisigge Javarse gsmasie irealinert retbed ageurding 49 claimr ough a

filling to perfofran copmdreir GefsENt FRRGAL in LA AT NEndYs b sBEIRHIaNe
deaerator, treatnent by a vacuum deaerator, treatnent by a nitrogen

deaerator, and tTEYSRESMOASE SEPREFIRN MPdYaer ator. 9. The nultistage reverse
osnosi s treatnment nmethod according to claim1, wherein the deferrization
and/ or demangani zat i ?n includes adding a chelator to forma conplex Wth
heavy metal 1or ré’hv'%ﬁ aatign fop sybiecting 3By'ds@pa~5ﬁqe§ rQVRESeHBBNAYSIERt al or t he
heavy netal i onsrealfentIénpgheingt St age reverse osnosis treatment met hod

according to claim1, _wherein the deferrization and/or demangani zation
i ncl udes addi ng a scdl &StSiagepieverse: esmesissapaaiign sedwler Mchdl®yanmet al or

heavy netal ionsevdrbebahsis FeRMBFMel Haling Aesal BR¢XIngRitiBlof 06,446 gtavy net al
' ons. 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 |




11. The multistage reverse osnosis treatnent nethod accor di { ima1l,
wherein the reverse osnosis nenbrane of at |east one of tg!ag?lg?sgtzﬁé?age
reverse osnosi s separation nodul e and second-stage reverse osnpsi s
separation nodule is an aronmatic pol yam de reverse osnpbsis nmenbrane or its
equivalent. | | August 2006 18 12 TA8anultistage reverse osnosis treatnent
nmet hod according to claim 1, conprising at | east one subsequent reverse
osnosi s separation nodule. 13. The nultistage reverse osnosis treatnment
met hod according to chgpng for 2ddiRpaancalkelivageshia permeatadedatenoblainedast one
subsequent - 1 ev &R 1RSfRPLE0S FORIES bGHodR eﬁatic;n‘lmo@\me'té"ﬁ&jﬁlsﬂé‘%o.n for
subjecting liquid to nultistage reverse osnosis treatnent, cohprising: a
first-stage reveYae oithp Permeaipd watdrdhamslkgliee fegidnudi ng a reverse osnosi s
menbrane having a salt blocking ratio of 99.4% or nore when operated for
one hour at 25*C and an operation pressure of 5.49 MPa, using a solution
of salt with pHof 6.5 to 7 and a concentration of 3.5 w %as raw water,
a second-stage r S ' epar at ; i ack pdiRAo verse
ososi 5 Mo anc Fagy ne o Oy FIaRPRC, {acRalipCte Pe Ly, wherd heTECS
operated for oneSUiply Weters-sgpplipd de drer sadopd-stages Jeversef oempdis MPa, usi ng
a sol ution of saldoapitioR MbHIE hs & pHovaludiith AngeREeNbMati on of  0.05 wt % as
raw wat er, wherein the second-stage reverse oSnosis nenbrane is an

aromati c pol yam de reverse osnpbsis nenbrane or its equivalent; means for
subj ecting_ $1pPl sa'Bt Bo irididilifor SEAUNMS | B98I VY, SnoRHTRA Suggipar ati on
modul e to decar boxyl ation; neans for stbjecting supp?y water to'the
second- st age revaiesesuppliedite Hepaeearidesiagm deverse ooghadsis rgepatation and/ or

module has a pH value in a range of 9 to 10.

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




demangani zati on; nmeans for subjecting supply water to the second-stage
reverse osnosi s separation nodule to addition of a di si nf'e t2®(§ntaining
chlorine and a reducing agent; and | | August 2006 18a neans for addi ng an
al kali agent to perneated water obtained fromthe first stage reverse
osnosi s separation nodule to adjust a pH value of the perneated water in
an al kaline region. 15. Use of the iggtallation according to claim 14,
wherein the supply water supplied to the second-stage reverse osnpsis
separation nodule has a pH value in a range of 9 to 11. M Use of the

nstal lati on acGRagiih 4@ SloAfoBbandUhel Bltkitd'Soch AR ¥ colhfhudiPP! I ed to
nodul e H va

t he second- st age reverse osnosi s _separation as a p ue in a

range of 9 to 10narangews taf regwith freapsrt tat'i e oheding ng to cl ai m 14,

wherein the disinfectant has a concentration 11 August 2006 19 in a range
of 0.5 to \ﬁ) pm and the reduci ng agent has _a concentration in a range of
3 to 6 ng wth rEspekihe Bsiplafinorccering ithelaimgl4, kerein hAgerwdP@l | ati on
according to cl aigahtlid at WaASK SHeSUIME of BISWfilc @ lecRESim Lkadiah dui@hn@ne sulfite

"or bisulfite selected fromsodiumsulfite and sodiumbisulfite. 19. Use of

the installatiofPdWBLYHHE to clai m 14, wherein the deferrization includes
oxi dation and precipitation of iron ions by addition of an oxidizi ng agent
the installation according to claim

to separate the jron . jons, .20. Use of . I
- 14, wher oi nﬂihe US&&?&%M%‘{QWCP%%%@%ﬂ‘bd?ﬁ%ﬁnémdﬁfﬁer@@bm ation of

manganese i ons jkyudeedbida2ion Gdndapreipitdiict B irsHabks b9 SRBAMbALS dhe manganese

ions. 21. Use of the inst g | ati on %ccordi ng to claim14, wherein the
oxidizing 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.




decar boxylation is at | east one treatnment selected fron1tffgﬁngﬂémgy a
decar boxyl ati on tower for passing water to be treated and i 1ethro gh a
filling to performcounter-current contact, treatnment by a nenbrane
deaerator, treatnent by a vacuum deaerator, treatnent by a nitrogen
deaerator, and treatnment by a warm ng deaerator. 22. Use of the
installation according to claim 14, rein the deferrization and/or
dermangani zati on includes addition of a chelator to forma conplex with
heavy metal or heavy netal ions to thereby result in separation of the
heavy mmetal 291 (0 GRYindtifafibn b0Seing (& AR wRODR id Wrezatibli® Of the
installation according to claim14, erein the deferrization and/or
demangani zat i on 3KiQr nganizatiopringledes agditios of mceletiphibiter tbderm a  conpl ex

w th heavy met alcoaipidieamy HElRImd B i ation of
the heavy netal or F{ he heav%wner?%atlglniégﬁgé\yﬁﬁ{e%éﬂif% Hgééﬁzﬁ&gﬁ% The
installation acciPaiatign pbtheihgavy matal arHiae dieavy metat ©0er se osnosis  nembr ane
of at least one of the first-stage reverse onpsis separation nodule and
second- stage reverse osnosis separation nodule is an aromatic pol yam de
reverse osnosis nenbrane or its equivalent. 25. The installation according
to claim 14, conprising at |east one subsequent reverse osnosis separation
nodul e. 26. Use of the installation according to claim25, wherein renoval
of boron occurs in at |east one subsequent reverse osnpbsis separation
nodule. | | August 2006 ABSTRACT In a nultistage osnpsis treatnment nethod
i ncluding: subjecting liquid to reverse osnbsis treatnment in a first-stage
reverse osnosis separation nodule (3 1); adding an alkali agent to the
obt ai ned perneated 5 water (5) to adjust a pH value of the perneated water
(5) in an al kaline




region; and further subjecting the perneated water (5) to,rgver snosi s
treatnent in second and subsequent stage reverse osnnsisogégﬂ?gﬁﬁ@ﬁ

nodul es (32), the supply water (5) to the second-stage reverse 0sSnosis
separation nodule (32) is subjected to at | east one treatnent selected from
10 deferrization, demangani zation, decarboxyl ation, and addition of a
chelator and a scale inhibitor. Beazyse of this, nultistage reverse
osnosis treatnment is provided, in Ich the separation performnce of the
second and subsequent stage reverse osnosis nenbrane nodul es is enhanced,
and 'iquid zan e RepmiRhostcBRfhd®t bhin?d4! Uherdl Hb ARBIRECosHGs bor on and

the like that 15 are not dissociated in a neutral reglion can be separated
at a hi gh bl ockimfinbraag phat least one of the first-stage reverse omosis separation

module and second-stage reverse osmosis separation module is an

aromatic polyamide reverse osmosis membrane or its equivalent.

25. The installation according to claim 14, comprising at least one
subsequent reverse osmosis separation module.

26.  Use of the instaliation according to claim 25, wherein removal of boron
occurs in at least one subsequent reverse osmosis separation module.






