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DESCRIPTION

TITLEOFINVENTION

METHOD FORCONTROLLING SLIMEON SEPARATION MEMBRANE5

TECHNICALFIELD

[0001]

Thepresentinventionrelatestoamethodforcontrollingslimeonaseparation

membranesuchasareverseosmosismembrane(RO membrane).10

BACKGROUND ART

[0002]

Knownmethodsforcontrollingslimeonseparationmembranessuchasreverse

osmosismembranes(RO membranes)includemethodsusingvariousslimeinhibitors.15

Chlorine-basedoxidizingagentssuchashypochlorousacidaretypicallyrepresentative

slimeinhibitors,andtheseinhibitorsareusuallyaddedtoastagepriortotheseparation

membraneforthepurposeofcontrollingslimewithinthesystem.Becausechlorine-based

oxidizingagentshaveahighprobabilityofdegradingtheseparationmembrane,these

chlorine-basedoxidizingagentsaregenerallyeitherreductivelydecomposedimmediately20

priortoreachingtheseparationmembrane,orareusedinamannerthatallowsthe

chlorine-basedoxidizingagenttointermittentlyflow ontotheseparationmembrane(see

PatentDocument1).

CITATION LIST25

PATENTLITERATURE

[0003]

PatentDocument1:JPH09-057076A
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SUMMARY OFINVENTION

TECHNICALPROBLEM

[0004]

Itisknownthatiftrihalomethaneprecursorssuchashuminsexistinthewater,then

chlorine-basedoxidizingagentsreactwiththeseprecursorsandgeneratetrihalomethanes5

suchaschloroform.Investigationsbytheinventorsofthepresentinventionshowedquite

clearlythatthesetrihalomethanesgeneratedbychlorine-basedoxidizingagentsare

difficulttoremovewithseparationmembranes,andtendtoleakreadilyintothepermeate

from theseparationmembrane.

[0005]10

Anobjectofthepresentinventionistoprovideamethodforcontrollingslimeona

separationmembraneinamembraneseparationapparatusthatusesafeedwaterorawash

watercontainingtrihalomethaneprecursors,whereinthemethodiscapableofreducingthe

trihalomethanecontentinthepermeatewhileexhibitingasatisfactoryslime-controlling

effect.15

SOLUTION TO PROBLEM

[0006]

Thepresentinventionprovidesamethodforcontrollingslimeonaseparation

membrane,themethodincludingincorporatingabromine-basedoxidizingagent,ora20

reactionproductofabrominecompoundandachlorine-basedoxidizingagent(reaction

componentscomposedofabrominecompoundandachlorine-basedoxidizingagent),ina

trihalomethaneprecursor-containingfeedwaterorwashwatersuppliedtoamembrane

separationapparatuswithaseparationmembrane.

[0007]25

Thepresentinventionalsoprovidesamethodforcontrollingslimeonaseparation

membrane,themethodincludingincorporatingabromine-basedoxidizingagent,ora

reactionproductofabrominecompoundandachlorine-basedoxidizingagent,anda
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sulfamicacidcompound,inatrihalomethaneprecursor-containingfeedwaterorwash

watersuppliedtoamembraneseparationapparatuswithaseparationmembrane.

[0008]

Thepresentinventionalsoprovidesamethodforcontrollingslimeonaseparation

membrane,themethodincludingincorporatingareactionproductofasulfamicacid5

compoundwithabromine-basedoxidizingagent,orwithareactionproductofabromine

compoundandachlorine-basedoxidizingagent,inatrihalomethaneprecursor-containing

feedwaterorwashwatersuppliedtoamembraneseparationapparatuswithaseparation

membrane.

[0009]10

Thepresentinventionalsoprovidesamethodforcontrollingslimeonaseparation

membrane,themethodincludingincorporatingamixtureofbromineandasulfamicacid

compound,orareactionproductofbromineandasulfamicacidcompound,ina

trihalomethaneprecursor-containingfeedwaterorwashwatersuppliedtoamembrane

separationapparatuswithaseparationmembrane.15

[0010]

Intheabovemethodforcontrollingslimeonaseparationmembrane,thereaction

productofbromineandasulfamicacidcompoundispreferablyobtainedbyamethod

includingastepofaddingandreactingbromine,underaninertgasatmosphere,witha

mixedliquidcontainingwater,analkaliandasulfamicacidcompound.20

[0011]

Intheabovemethodforcontrollingslimeonaseparationmembrane,the

concentrationoftrihalomethaneprecursorinthefeedwaterorwashwater,asa

trihalomethaneformationpotential,ispreferablyatleast0.001mg/L.

[0012]25

Intheabovemethodforcontrollingslimeonaseparationmembrane,theseparation

membraneispreferablyapolyamide-basedpolymermembrane.

[0013]



4

Intheabovemethodforcontrollingslimeonaseparationmembrane,the

trihalomethaneprecursorpreferablycontainshumins.

[0014]

Intheabovemethodforcontrollingslimeonaseparationmembrane,thefeedwater

orwashwaterpreferablyalsocontainsbromideions.5

[0015]

Intheabovemethodforcontrollingslimeonaseparationmembrane,thebromide

ionconcentrationinthefeedwaterorwashwaterispreferablyatleast5mg/L.

[0016]

Intheabovemethodforcontrollingslimeonaseparationmembrane,the10

membraneseparationapparatuswithaseparationmembraneisamembraneseparation

apparatusthatundergoesbothoperatingperiodsandoperatingdowntimes,andduringan

operatingdowntime:

thebromine-basedoxidizingagent,orthereactionproductofabrominecompound

andachlorine-basedoxidizingagentisadded,15

thebromine-basedoxidizingagent,orthereactionproductofabrominecompound

andachlorine-basedoxidizingagent,andthesulfamicacidcompoundareadded,

thereactionproductofasulfamicacidcompoundwithabromine-basedoxidizing

agent,orwithareactionproductofabrominecompoundandachlorine-basedoxidizing

agentisadded,or20

thereactionproductofbromineandasulfamicacidcompoundisadded.

[0017]

Intheabovemethodforcontrollingslimeonaseparationmembrane,thepH ofthe

waterintroducedintothemembraneseparationapparatusispreferably5.5orhigher.

[0018]25

Intheabovemethodforcontrollingslimeonaseparationmembrane,thewater

introducedintothemembraneseparationapparatusispreferablyatleastoneofseawater

andsaltwater.
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ADVANTAGEOUSEFFECTSOFTHEINVENTION

[0019]

Inthepresentinvention,byincorporating,inatrihalomethaneprecursor-containing

feedwaterorwashwatersuppliedtoamembraneseparationapparatuswithaseparation

membrane:abromine-basedoxidizingagentorareactionproductofabrominecompound5

andachlorine-basedoxidizingagent;abromine-basedoxidizingagent,orareaction

productofabrominecompoundandachlorine-basedoxidizingagent,andasulfamicacid

compound;areactionproductofasulfamicacidcompoundwithabromine-based

oxidizingagent,orwithareactionproductofabrominecompoundandachlorine-based

oxidizingagent;amixtureofbromineandasulfamicacidcompound;orareactionproduct10

ofbromineandasulfamicacidcompound,thetrihalomethanecontentinthepermeatecan

bereducedwhileasatisfactoryslime-controllingeffectisachieved.

BRIEFDESCRIPTION OFDRAW INGS

[0020]15

FIG.1isaschematicstructuraldiagram illustratingoneexampleofamembrane

separationsystem accordingtoanembodimentofthepresentinvention.

FIG.2isadiagram illustratingthetotaltrihalomethaneconcentration(mg/L)inthe

treatedwaterrelativetothebromideionconcentration(mg/L)inthewaterundergoing

treatmentinExamples4and5andComparativeExample2.20

DESCRIPTION OFEMBODIMENTS

[0021]

Embodimentsofthepresentinventionaredescribedbelow.Theseembodiments

aremerelyexamplesofimplementingthepresentinvention,andthepresentinventionisin25

nowaylimitedbytheseembodiments.

[0022]

<MethodforControllingSlimeonSeparationMembrane>
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Themethodforcontrollingslimeonaseparationmembraneaccordingtoan

embodimentofthepresentinventionisamethodofincorporatinga"bromine-based

oxidizingagent"asaslimeinhibitor,oramethodofincorporatinga"reactionproductofa

brominecompoundandachlorine-basedoxidizingagent"suchashypobromousacidasa

slimeinhibitor,inatrihalomethaneprecursor-containingfeedwaterorwashwatersupplied5

toamembraneseparationapparatuswithaseparationmembrane.

[0023]

Themethodforcontrollingslimeonaseparationmembraneaccordingtoanother

embodimentofthepresentinventionisamethodofincorporatinga"bromine-based

oxidizingagent"anda"sulfamicacidcompound"asaslimeinhibitor,oramethodof10

incorporatinga"reactionproductofabrominecompoundandachlorine-basedoxidizing

agent"anda"sulfamicacidcompound"asaslimeinhibitor,inatrihalomethaneprecursor-

containingfeedwaterorwashwatersuppliedtoamembraneseparationapparatuswitha

separationmembrane.Itisthoughtthatthismethodresultsintheproductionofa

stabilizedhypobromousacidcompositioninthefeedwaterorwashwater.15

[0024]

Further,themethodforcontrollingslimeonaseparationmembraneaccordingto

anotherembodimentofthepresentinventionisamethodofincorporatingastabilized

hypobromousacidcompositionthatisa"reactionproductofabromine-basedoxidizing

agentandasulfamicacidcompound"asaslimeinhibitor,oramethodofincorporatinga20

stabilizedhypobromousacidcompositionthatisa"reactionproductofasulfamicacid

compoundwithareactionproductofabrominecompoundandachlorine-basedoxidizing

agent"asaslimeinhibitor,inatrihalomethaneprecursor-containingfeedwaterorwash

watersuppliedtoamembraneseparationapparatuswithaseparationmembrane.

[0025]25

Specifically,themethodforcontrollingslimeonaseparationmembraneaccording

toanembodimentofthepresentinventionisamethodofincorporating,forexample,

"bromine","brominechloride","hypobromousacid"ora"reactionproductofsodium
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bromideandhypochlorousacid"inatrihalomethaneprecursor-containingfeedwateror

washwatersuppliedtoamembraneseparationapparatuswithaseparationmembrane.

[0026]

Themethodforcontrollingslimeonaseparationmembraneaccordingtoanother

embodimentofthepresentinventionisamethodisamethodofincorporating,for5

example,"bromine","brominechloride","hypobromousacid"ora"reactionproductof

sodium bromideandhypochlorousacid",anda"sulfamicacidcompound"ina

trihalomethaneprecursor-containingfeedwaterorwashwatersuppliedtoamembrane

separationapparatuswithaseparationmembrane.

[0027]10

Furthermore,themethodforcontrollingslimeonaseparationmembraneaccording

toanotherembodimentofthepresentinventionisamethodofincorporating,forexample,

a"reactionproductofbromineandasulfamicacidcompound",a"reactionproductof

brominechlorideandasulfamicacidcompound",orastabilizedhypobromousacid

compositionthatisa"reactionproductofasulfamicacidcompoundwithareaction15

productofsodium bromideandhypochlorousacid"inatrihalomethaneprecursor-

containingfeedwaterorwashwatersuppliedtoamembraneseparationapparatuswitha

separationmembrane.Itisnotentirelyclearwhattypeofcompoundisformedasthe

"reactionproductofbromineandasulfamicacidcompound",butitisthoughtthatthe

stabilizedhypobromousacidcompound"bromosulfamicacid"isproduced.20

[0028]

Byusingthesemethods,thetrihalomethanecontentinthepermeatecanbereduced

whilecontrollingslimegenerationontheseparationmembraneinthemembrane

separationapparatusthatusesthetrihalomethaneprecursor-containingfeedwaterorwash

water.Further,membranecontaminationbymicrobescanbereliablysuppressed,with25

almostnodeteriorationintheperformanceoftheseparationmembrane.Byusingthe

methodforcontrollingslimeonaseparationmembraneaccordingtoanembodimentofthe

presentinvention,aslimecontroltreatmenthavingasuperiorslime-controllingeffectcan
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beachievedwhilesuppressinganyeffectsonthemembraneperformanceandthewater

qualityinsubsequentstagestoaminimum.

[0029]

Bromine-basedoxidizingagentsandstabilizedhypobromousacidcompositions

reactwithtrihalomethaneprecursorsandgeneratetrihalomethanesinasimilarmannerto5

chlorine-basedoxidizingagents,butitisthoughtthatthetrihalomethanesgeneratedby

bromine-basedoxidizingagentsandstabilizedhypobromousacidcompositionscontain

mainlybromine-basedtrihalomethanessuchasbromoform,whicharemorereadily

rejectedbytheseparationmembranethanchlorine-basedtrihalomethanessuchas

chloroform thataregeneratedbychlorine-basedoxidizingagents,enablingthe10

trihalomethaneconcentrationinthepermeatefrom theseparationmembranetobe

dramaticallyreduced.Althoughdetailsregardingthereasonsthattherejectionratefor

bromine-basedtrihalomethanesbytheseparationmembraneishighremainunclear,itis

surmisedthatthefactthatbromine-basedtrihalomethaneshavearelativelylargemolecular

weightcomparedwithchlorine-basedtrihalomethanesisasignificantfactor.15

[0030]

Inthismanner,themethodforcontrollingslimeonaseparationmembrane

accordingtoanembodimentofthepresentinventionisabletoexhibitaslime-controlling

effectsimilarorsuperiortoachlorine-basedoxidizingagentsuchashypochlorousacid,

andyetexhibitsamuchhigherrejectionrateforthegeneratedbromine-based20

trihalomethanesattheseparationmembranecomparedwithchlorine-basedoxidizing

agents,andthereforetheamountoftrihalomethanesinthepermeatefrom theseparation

membranecanbedramaticallyreduced.Asaresult,theslimeinhibitorusedinthis

methodforcontrollingslimeonaseparationmembraneaccordingtothepresentinvention

ispreferableasaslimeinhibitorforseparationmembranes.25

[0031]

Amongthemethodsforcontrollingslimeonaseparationmembraneaccordingto

theseembodiments,themethodofincorporatinga"bromine-basedoxidizingagent"anda

"sulfamicacidcompound",themethodofincorporatinga"reactionproductofabromine
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compoundandachlorine-basedoxidizingagent"anda"sulfamicacidcompound",the

methodofincorporatinga"reactionproductofabromine-basedoxidizingagentanda

sulfamicacidcompound",orthemethodofincorporatinga"reactionproductofasulfamic

acidcompoundwithareactionproductofabrominecompoundandachlorine-based

oxidizingagent"exhibitextremelylow degradationeffectsontheseparationmembrane,5

meaningslimecontrolcanbeachievedbyintroducingtheslimeinhibitordirectlyontothe

separationmembrane.Asaresult,theslimeinhibitorsusedinthesemethodsfor

controllingslimeareparticularlysuitableasslimeinhibitorsforseparationmembranes.

[0032]

Amongthemethodsforcontrollingslimeonaseparationmembraneaccordingto10

theseembodiments,whenthe"bromine-basedoxidizingagent"orthe"reactionproductof

abrominecompoundandachlorine-basedoxidizingagent"isbromine,thenbecausea

chlorine-basedoxidizingagentdoesnotexist,theamountofchlorine-based

trihalomethanesproduced,whichsufferfrom alow rejectionratebytheseparation

membrane,isalsoreduced,whichisparticularlydesirableasaslimeinhibitorfor15

separationmembranes.W henachlorine-basedoxidizingagentisincluded,theproduction

ofchloricacidmaybeaconcern.

[0033]

Trihalomethanesarecompoundsinwhichthreehydrogenatomsofmethanehave

beensubstitutedwithhalogens,andexamplesincludechloroform,bromodichloromethane,20

dibromochloromethaneandbromoform.Therearenoparticularlimitationsonthe

trihalomethaneprecursor,whichmaybeanysubstancethatfunctionsasaprecursortoa

trihalomethane,andexamplesincludecompoundshavinga1,3-diketonestructureand

compoundshavinga1,3-dihydroxybenzenestructure.Specificexamplesof

trihalomethaneprecursorsincludehuminscontaininghumicacidandfulvicacid.Here,25

humins(humicsubstances)areorganiccomponentsgeneratedbythehumificationof

portionsofplantssuchasleavesandstems,andthefractionwithinhuminsthatis

precipitatedbyacidiscalledhumicacid,whereasthefractionthatdoesnotprecipitateis

calledfulvicacid.
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[0034]

Trihalomethaneprecursorscanbemeasuredintermsofthetrihalomethane

formationpotential(THMFP)(mg/L)usingameasurementmethodbasedonthe"Law

concerningspecialmeasuresforwaterqualityconservationatwaterresourceareasinorder

topreventspecifieddifficultiesinwaterutilization".Specifically,themethodinvolves5

addingsodium hypochloritetothesamplesothatfollowingreactionunderconditions

includingapH of7.0,atemperatureof20°Candareactiontimeof24hours,thefree

residualchlorineconcentrationafter24hoursis1to2mg/L,andthenmeasuringand

determiningtheamountoftrihalomethaneproducedbysimultaneousanalysisbypurge-

trapgaschromatographymassspectrometry.Further,thetrihalomethaneprecursorscan10

alsobemeasuredusingaTOCmeterorthelike.

[0035]

Ifthetrihalomethaneprecursorsexistinanamountthatyieldsatrihalomethane

formationpotential(THMFP)(mg/L)of0.001mg/Lorgreater,thentrihalomethanestend

tobeproducedreadily,andthereforeifthetrihalomethaneformationpotentialofthefeed15

waterorwashwatersuppliedtothemembraneseparationapparatusisatleast0.001mg/L,

preferablyatleast0.01mg/L,andmorepreferably0.02mg/Lorgreater,thenthemethod

forcontrollingslimeonaseparationmembraneaccordingtoanembodimentofthepresent

inventionismoreeffective.Althoughtherearenoparticularlimitationsontheupperlimit

forthetrihalomethaneformationpotentialofthefeedwaterorwashwatersuppliedtothe20

membraneseparationapparatus,theformationpotentialis,forexample,typicallynotmore

than1mg/L.

[0036]

Further,ifthetrihalomethaneprecursorsexistinanamountthatyieldsaTOCvalue

of0.5mg/Lorgreater,thentrihalomethanestendtobeproducedreadily,andthereforeif25

theTOCofthefeedwaterorwashwatersuppliedtothemembraneseparationapparatusis

atleast0.5mg/L,preferablyatleast5.0mg/L,andmorepreferably10.0mg/Lorgreater,

thenthemethodforcontrollingslimeonaseparationmembraneaccordingtoan

embodimentofthepresentinventionismoreeffective.Althoughtherearenoparticular
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limitationsontheupperlimitfortheTOCofthefeedwaterorwashwatersuppliedtothe

membraneseparationapparatus,theTOCis,forexample,typicallynotmorethan500

mg/L.W henmeasuredintheexamplesdescribedbelow,atrihalomethaneformation

potentialof0.01mg/LwasequivalenttoaTOCof5.0mg/L.

[0037]5

Particularlyinthosecaseswherethetrihalomethaneprecursorsincludehumicacid,

if0.89mg/Lormoreofhumicacidexists,thentrihalomethanestendtobeproduced

readily,andthereforeifthehumicacidconcentrationofthefeedwaterorwashwater

suppliedtothemembraneseparationapparatusisatleast0.89mg/L,preferablyatleast8.9

mg/L,andmorepreferably890mg/Lorgreater,thenthemethodforcontrollingslimeona10

separationmembraneaccordingtoanembodimentofthepresentinventionismore

effective.Althoughtherearenoparticularlimitationsontheupperlimitforthehumicacid

inthefeedwaterorwashwatersuppliedtothemembraneseparationapparatus,thehumic

acidconcentrationis,forexample,typicallynotmorethan180mg/L.W henmeasuredin

theexamplesdescribedbelow,atrihalomethaneformationpotentialof0.01mg/Lwas15

equivalenttoahumicacidconcentrationof8.9mg/L.

[0038]

Themethodforcontrollingslimeofaseparationmembraneaccordingtoan

embodimentofthepresentinventionisevenmoreeffectiveinthosecaseswherethefeed

waterorwashwatersuppliedtothemembraneseparationapparatusalsocontainsbromide20

ions.Byusingthemethodforcontrollingslimeonaseparationmembraneaccordingtoan

embodimentofthepresentinventioninamembraneseparationapparatusthatusesafeed

waterorawashwatercontainingtrihalomethaneprecursorsandbromideions,the

trihalomethanecontentinthepermeatecanbereduced,whileprovidingasatisfactory

slime-controllingeffect.25

[0039]

Asdescribedabove,whenachlorine-basedoxidizingagentsuchashypochlorous

acidisaddedtowatercontainingtrihalomethaneprecursors,trihalomethanessuchas

chloroform areproduced,butinthecaseofseawaterorthelike,wherethewatercontains
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bromideions(forexample,atleast5mg/L)andtrihalomethaneprecursorssuchashumins,

ifhypochlorousacidisaddedasaslimeinhibitor,thenbromine-basedtrihalomethanesare

mainlyproduced.Becausebromine-basedtrihalomethaneshavealargermolecularweight

thanchlorine-basedtrihalomethanes,thetotaltrihalomethaneconcentrationincreases.

[0040]5

Theslimeinhibitorssuchasthe"hypobromousacid"orthe"stabilized

hypobromousacidcompositioncontainingbothabromine-basedoxidizingagentand

sulfamicacid"exhibitaslime-controllingeffect(sterilizationeffect)equivalentorsuperior

tohypochlorousacid.Further,inthosecaseswheretrihalomethaneprecursorsand

bromideionsexistinthesystem,bromine-basedtrihalomethanesaremainlyproduced.10

However,unliketypicalhypochlorousacid,theseslimeinhibitorssuchas"hypobromous

acid"orthe"stabilizedhypobromousacidcomposition"exhibitalmostnoincreaseinthe

amountoftrihalomethanesproducedasthebromideionconcentrationincreases.Asa

result,itisthoughtthatbyusingthemethodforcontrollingslimeonaseparation

membraneaccordingtothepresentembodiment,whichusesaslimeinhibitorsuchas15

"hypobromousacid"ora"stabilizedhypobromousacidcompositioncontainingbotha

bromine-basedoxidizingagentandsulfamicacid",theconcentrationofproduced

trihalomethanescanbeloweredcomparedwithamethodusinghypochlorousacidfor

watercontainingbromideions.

[0041]20

Ontheotherhand,a"stabilizedhypochlorousacid"suchaschlorosulfamicacidis

stabilized,andthereforethetrihalomethaneformationpotentialissuppressed,butthe

sterilizingpowerislowerthanthatof"hypobromousacid"ora"stabilizedhypobromous

acidcomposition",meaningasatisfactoryslime-controllingeffectcannotbeachieved.

[0042]25

Despiteexhibitingaslime-controllingeffectsimilarorsuperiortohypochlorous

acid,inthosecaseswherethewatertobetreatedcontainsbromideions,theslimeinhibitor

usedinthemethodforcontrollingslimeonaseparationmembraneaccordingtoan

embodimentofthepresentinventionproducesasmalleramountoftrihalomethanesthan
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hypochlorousacid.Asaresult,themethodforcontrollingslimeonaseparationmembrane

accordingtoanembodimentofthepresentinventionispreferableasamethodfor

controllingslimeinamembraneseparationapparatusthatusesafeedwaterorwashwater

containingtrihalomethaneprecursorsandbromideions.

[0043]5

Inthismanner,themethodforcontrollingslimeonaseparationmembrane

accordingtoanembodimentofthepresentinventionenablesaslimecontroltreatmentto

beperformedthatsuppressesthetrihalomethaneconcentrationinthepermeatefrom the

separationmembranetoaminimum,whilealsoexhibitingasuperiorslime-controlling

effect.10

[0044]

Particularlyinthosecaseswherethefeedwaterorwashwatersuppliedtothe

membraneseparationapparatuscontainsatleast5mg/Lofbromideions,ifhypochlorous

acidisusedthentrihalomethanestendtobeproducedreadily,andthereforethemethodfor

controllingslimeonaseparationmembraneaccordingtoanembodimentofthepresent15

inventionisparticularlyeffectiveinthosecaseswheretheconcentrationofbromideionsin

thefeedwaterorwashwatersuppliedtothemembraneseparationapparatusisatleast5

mg/L,andpreferably18mg/Lorhigher.Althoughtherearenoparticularlimitationson

theupperlimitforthebromideionconcentrationofthefeedwaterorwashwatersupplied

tothemembraneseparationapparatus,thebromideionconcentrationis,forexample,20

typicallynotmorethan1,000mg/L.

[0045]

Inthemethodforcontrollingslimeonaseparationmembraneaccordingtoan

embodimentofthepresentinvention,the"bromine-basedoxidizingagent"orthe"reaction

productofabrominecompoundandachlorine-basedoxidizingagent"maybeinjected,25

usingachemicalfeedpumporthelike,intothefeedwaterorwashwatersuppliedtothe

membraneseparationapparatusthatusesthefeedwaterorwashwatercontaining

trihalomethaneprecursors.The"brominecompound"andthe"chlorine-basedoxidizing
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agent"maybeaddedtothewatersystem separately,ortheneatliquidsmaybemixed

togetherandthenaddedtothewatersystem.

[0046]

Forexample,the"bromine-basedoxidizingagent"orthe"reactionproductofa

brominecompoundandachlorine-basedoxidizingagent",andthe"sulfamicacid5

compound",maybeinjected,usingachemicalfeedpumporthelike,intothefeedwateror

washwatersuppliedtothemembraneseparationapparatusthatusesthefeedwaterorwash

watercontainingtrihalomethaneprecursors.The"bromine-basedoxidizingagent"orthe

"reactionproductofabrominecompoundandachlorine-basedoxidizingagent",andthe

"sulfamicacidcompound",maybeaddedtothewatersystem separately,ortheneat10

liquidsmaybemixedtogetherandthenaddedtothewatersystem.

[0047]

Further,the"reactionproductofabromine-basedoxidizingagentandasulfamic

acidcompound"orthe"reactionproductofasulfamicacidcompoundwithareaction

productofabrominecompoundandachlorine-basedoxidizingagent"maybeinjected,15

usingachemicalfeedpumporthelike,intothefeedwaterorwashwatersuppliedtothe

membraneseparationapparatusthatusesthefeedwaterorwashwatercontaining

trihalomethaneprecursors.

[0048]

Theaforementionedslimeinhibitoraddedtothefeedwaterorwashwatersupplied20

tothemembraneseparationapparatusmaybedecomposedwithareducingagentorthe

likeimmediatelypriortoreachingtheseparationmembrane.

[0049]

Byusingthemethodforcontrollingslimeonaseparationmembraneaccordingto

anembodimentofthepresentinvention,eveninmembraneseparationsystemsthat25

undergobothoperatingperiodsandoperatingdowntimes,degradationoftheseparation

membranecanbesuppressed,andtheseparationmembranecanbeeffectivelysterilized

duringanoperatingdowntime.

[0050]
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<MembraneSeparationSystem>

Theoutlineofoneexampleofamembraneseparationsystem accordingtothis

embodimentofthepresentinventionisillustratedinFIG.1,andthestructureofthat

system isdescribedbelow.Themembraneseparationsystem 1includesaraw watertank

10andamembraneseparationapparatus12.5

[0051]

Inthemembraneseparationsystem 1ofFIG.1,araw waterline16isconnectedto

theinletoftheraw watertank10.Theoutletoftheraw watertank10andtheinletofthe

membraneseparationapparatus12areconnectedbyaraw watersupplyline18viaapump

14.A permeateline20isconnectedtothepermeateoutletofthemembraneseparation10

apparatus12,andaconcentrateline22isconnectedtotheconcentrateoutlet.A fungicide

supplyline24isconnectedtotheraw watersupplyline18atalocationbetweenthepump

14andthemembraneseparationapparatus12.

[0052]

Theoperationofthemembraneseparationsystem 1accordingtothisembodiment15

andthemethodofsterilizingtheseparationmembranearedescribedbelow.

[0053]

Theraw waterthatrepresentsthetreatmenttargetmaybestoredintheraw water

tank10asrequired,andisthensuppliedthroughtheraw watersupplyline18tothe

membraneseparationapparatus12usingthepump14.Inthemembraneseparation20

apparatus12,amembraneseparationtreatmentisperformedusingaseparationmembrane

(membraneseparationtreatmentstep).Thepermeate(treatedwater)obtainedfrom the

membraneseparationtreatmentisdischargedthroughthepermeateline20,andthe

concentrateisdischargedthroughtheconcentrateline22.Theconcentratemaybe

recirculatedbackintotheraw watertank10ortheraw watersupplyline18.25

[0054]

Forexample,afungicidesupplymechanism maybeinstalledintheraw water

supplyline18betweenthepump14andtheinletofthemembraneseparationapparatus

12,andafungicideofaprescribedconcentrationintroducedthroughthefungicidesupply
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line24from thefungicidesupplymechanism andaddedtotheraw waterastheraw water

isfedfrom theraw watertank10tothemembraneseparationapparatus12.Alternatively,

inthosecaseswhereoperationofthemembraneseparationsystem 1ispaused,thepump

14isstopped,andthefungicidemaybeleftinsidethemembraneseparationapparatus12

duringtheoperatingdowntimeforthemembraneseparationsystem 1.Thefungicide5

supplymechanism mayalsobeinstalledintheraw watersupplyline18ortheraw water

tank10.

[0055]

Further,aprescribedconcentrationofafungicide maybeintroducedthroughthe

fungicidesupplyline24from thefungicidesupplymechanism andaddedtotheraw water10

astheraw waterisfedfrom theraw watertank10tothemembraneseparationapparatus

12,andthenwhenoperationofthemembraneseparationsystem 1istobepaused,a

prescribedconcentrationofthefungicidemaybeintroducedthroughthefungicidesupply

line24from thefungicidesupplymechanism andaddedtotheraw water,thepump14

subsequentlyhalted,andthefungicideleftinsidethemembraneseparationapparatus1215

duringtheoperatingdowntimeofthemembraneseparationsystem 1.

[0056]

Here,an"operatingdowntime"describesastatewherenotreatedwater(permeate)

isbeingobtainedinthemembraneseparationsystem 1.

[0057]20

Inthosecaseswherethemembraneseparationapparatus12issubjectedto

backwashing,eitherusingabackwashwaterorusingthepermeateasabackwashwater,a

fungicidemaybeaddedtothebackwashwaterandthefungicideintroducedintothe

membraneseparationapparatus12duringanoperatingdowntimeforthemembrane

separationsystem 1.25

[0058]

Inthemembraneseparationsystem 1,alevelswitchmaybeinstalledintheraw

watertank10,andthencontrolperformedsuchthatwhenthewaterlevelinsidetheraw

watertank10detectedbythelevelswitchduringsystem operationfallsbelow aprescribed
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height,operationispaused,andwhenthewaterlevelinsidetheraw watertank10detected

bythelevelswitchexceedsaprescribedheightduringanoperatingdowntime,operationis

restarted.

[0059]

Themethodforcontrollingslimeonaseparationmembraneaccordingtoan5

embodimentofthepresentinventionisamethodofintroducinga"bromine-based

oxidizingagent"anda"sulfamicacidcompound"asafungicide(slimeinhibitor)intothe

membraneseparationapparatus12,oramethodofintroducinga"reactionproductofa

brominecompoundandachlorine-basedoxidizingagent"anda"sulfamicacidcompound"

asafungicideintothemembraneseparationapparatus12,duringanoperatingdowntime10

ofthemembraneseparationsystem 1thatundergoesbothoperatingperiodsandoperating

downtimes.Byusingsuchamethod,itisthoughtthatastabilizedhypobromousacid

compositionisgeneratedinthefungicide-containingbackwashwaterorfungicide-

containingwater.

[0060]15

Further,themethodforcontrollingslimeonaseparationmembraneaccordingtoan

embodimentofthepresentinventionisamethodofintroducingastabilizedhypobromous

acidcompositionthatisa"reactionproductofabromine-basedoxidizingagentanda

sulfamicacidcompound"asafungicide(slimeinhibitor)intothemembraneseparation

apparatus12,oramethodofintroducingastabilizedhypobromousacidcompositionthatis20

a"reactionproductofasulfamicacidcompoundwithareactionproductofabromine

compoundandachlorine-basedoxidizingagent"asafungicideintothemembrane

separationapparatus12,duringanoperatingdowntimeofthemembraneseparationsystem

1thatundergoesbothoperatingperiodsandoperatingdowntimes.

[0061]25

Specifically,themethodforcontrollingslimeonaseparationmembraneaccording

toanembodimentofthepresentinventionisamethodofintroducing,forexample,

"bromine","brominechloride","hypobromousacid"ora"reactionproductofsodium

bromideandhypochlorousacid",anda"sulfamicacidcompound"intothemembrane
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separationapparatus12duringanoperatingdowntimeofthemembraneseparationsystem

1thatundergoesbothoperatingperiodsandoperatingdowntimes.

[0062]

Further,themethodforcontrollingslimeonaseparationmembraneaccordingto

anotherembodimentofthepresentinventionisamethodofintroducingastabilized5

hypobromousacidcompositionwhichis,forexample,a"reactionproductofbromineand

asulfamicacidcompound",a"reactionproductofbrominechlorideandasulfamicacid

compound"ora"reactionproductofasulfamicacidcompoundwithareactionproductof

sodium bromideandhypochlorousacid"intothemembraneseparationapparatus12,

duringanoperatingdowntimeofthemembraneseparationsystem 1thatundergoesboth10

operatingperiodsandoperatingdowntimes.

[0063]

Byusingthesemethods,degradationoftheseparationmembraneofthemembrane

separationapparatus12canbesuppressed,andtheseparationmembranecanbeeffectively

sterilizedduringanoperatingdowntimeofthemembraneseparationsystem 1that15

undergoesbothoperatingperiodsandoperatingdowntimes.Further,cumbersome

additionalequipmenttosupplythefungicideperiodicallyneednotbeprovided,meaning

thesystem canbesimplified.

[0064]

Inthemethodforcontrollingslimeonaseparationmembraneaccordingtoan20

embodimentofthepresentinvention,a"bromine-basedoxidizingagent"ora"reaction

productofabrominecompoundandachlorine-basedoxidizingagent",anda"sulfamic

acidcompound"maybeinjectedintothewatersystem byachemicalfeedpumporthelike

duringanoperatingdowntimeofthemembraneseparationsystem 1thatundergoesboth

operatingperiodsandoperatingdowntimes.The"bromine-basedoxidizingagent"orthe25

"reactionproductofabrominecompoundandachlorine-basedoxidizingagent",andthe

"sulfamicacidcompound"maybeaddedseparatelytothewatersystem,ortheneatliquids

maybemixedtogetherandthenaddedtothewatersystem.

[0065]
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Further,inanotherexample,a"reactionproductofabromine-basedoxidizing

agentandasulfamicacidcompound"ora"reactionproductofasulfamicacidcompound

withareactionproductofabrominecompoundandachlorine-basedoxidizingagent"may

beinjectedintothewatersystem byachemicalfeedpumporthelikeduringanoperating

downtimeofthemembraneseparationsystem 1thatundergoesbothoperatingperiodsand5

operatingdowntimes.

[0066]

Inthemethodforcontrollingslimeonaseparationmembraneaccordingtoan

embodimentofthepresentinvention,theratiooftheequivalentweightofthe"sulfamic

acidcompound"relativetotheequivalentweightofthe"bromine-basedoxidizingagent"10

orthe"reactionproductofabrominecompoundandachlorine-basedoxidizingagent"is

preferably1orgreater,andismorepreferablywithinarangefrom atleast1tonotmore

than2.Iftheratiooftheequivalentweightofthe"sulfamicacidcompound"relativetothe

equivalentweightofthe"bromine-basedoxidizingagent"orthe"reactionproductofa

brominecompoundandachlorine-basedoxidizingagent"islessthan1,thenthereisa15

possibilitythatdegradationofthemembranemayoccur,whereasiftheratioexceeds2,

thentheproductioncostsmaysometimesincrease.

[0067]

Theeffectivehalogenconcentrationcontactingtheseparationmembrane,

calculatedasaneffectiveequivalentchlorineconcentration,ispreferablyfrom 0.01to10020

mg/L.Ifthisconcentrationislessthan0.01mg/L,thenasatisfactoryslime-controlling

effectmaynotbeobtainable,whereasiftheconcentrationisgreaterthan100mg/L,then

thereisapossibilitythatdegradationoftheseparationmembraneorcorrosionofthe

supplylinesorthelikemayoccur.

[0068]25

Examplesofthebromine-basedoxidizingagentincludebromine(liquidbromine),

brominechloride,bromicacid,bromatesalts,andhypobromousacidandthelike.

[0069]
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Amongthese,comparedwiththeformulationof"hypochlorousacid,abromine

compoundandsulfamicacid"andtheformulationof"brominechlorideandsulfamicacid"

andthelike,formulationsthatusebrominesuchas"bromineandasulfamicacid

compound(amixtureofbromineandasulfamicacidcompound)"ora"reactionproductof

bromineandasulfamicacidcompound"tendtoexhibitlowerproductionamountsof5

trihalomethanes,exhibitlessdegradationofreverseosmosismembranes(RO membranes)

andthelike,andsufferfrom lessleakageofeffectivehalogenintothemembranepermeate

suchasthereverseosmosismembrane(RO membrane)permeate,andareconsequently

preferredasslimeinhibitorsforseparationmembranessuchasreverseosmosismembranes

(RO membranes).10

[0070]

Inotherwords,themethodforcontrollingslimeonaseparationmembrane

accordingtoanembodimentofthepresentinventionispreferablyamethodof

incorporatingbromineandasulfamicacidcompound(amixtureofbromineandasulfamic

acidcompound)inatrihalomethaneprecursor-containingfeedwaterorwashwater15

suppliedtoamembraneseparationdevicecontainingtheseparationmembrane.Further,

incorporatingareactionproductofbromineandasulfamicacidcompoundinthe

trihalomethaneprecursor-containingfeedwaterorwashwatersuppliedtoamembrane

separationdevicecontainingtheseparationmembraneisalsopreferred.

[0071]20

Examplesofthebrominecompoundincludesodium bromide,potassium bromide,

lithium bromide,ammonium bromideandhydrobromicacid.Amongthese,intermsof

productioncostsandthelike,sodium bromideispreferred.

[0072]

Examplesofthechlorine-basedoxidizingagentincludechlorinegas,chlorine25

dioxide,hypochlorousacidorsaltsthereof,chlorousacidorsaltsthereof,chloricacidor

saltsthereof,perchloricacidorsaltsthereof,andchlorinatedisocyanuricacidorsalts

thereof.Amongthese,examplesofthesaltsincludealkalimetalsaltsofhypochlorousacid

suchassodium hypochloriteandpotassium hypochlorite,alkalineearthmetalsaltsof
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hypochlorousacidsuchascalcium hypochloriteandbarium hypochlorite,alkalimetalsalts

ofchlorousacidsuchassodium chloriteandpotassium chlorite,alkalineearthmetalsalts

ofchlorousacidsuchasbarium chlorite,othermetalsaltsofchlorousacidsuchasnickel

chlorite,alkalimetalsaltsofchloricacidsuchasammonium chlorate,sodium chlorateand

potassium chlorate,andalkalineearthmetalsaltsofchloricacidsuchascalcium chlorate5

andbarium chlorate.Anyoneofthesechlorine-basedoxidizingagentsmaybeusedalone,

oracombinationoftwoormoreoxidizingagentsmaybeused.Intermsofeaseof

handlingandthelike,theuseofsodium hypochloriteasthechlorine-basedoxidizingagent

ispreferred.

[0073]10

Thesulfamicacidcompoundisacompoundrepresentedbygeneralformula(1)

shownbelow.

R2NSO3H (1)

(Intheformula,eachRindependentlyrepresentsahydrogenatom oranalkylgrouphaving

acarbonnumberof1to8.)15

[0074]

Examplesofthesulfamicacidcompound,inadditiontosulfamicacid

(amidosulfuricacid)inwhichthetwoRgroupsarebothhydrogenatoms,includesulfamic

acidcompoundsinwhichoneofthetwoRgroupsisahydrogenatom andtheotherisan

alkylgrouphavingacarbonnumberof1to8,suchasN-methylsulfamicacid,N-20

ethylsulfamicacid,N-propylsulfamicacid,N-isopropylsulfamicacidandN-butylsulfamic

acid,sulfamicacidcompoundsinwhichthetwoRgroupsarebothalkylgroupshavinga

carbonnumberof1to8,suchasN,N-dimethylsulfamicacid,N,N-diethylsulfamicacid,

N,N-dipropylsulfamicacid,N,N-dibutylsulfamicacid,N-methyl-N-ethylsulfamicacidand

N-methyl-N-propylsulfamicacid,andsulfamicacidcompoundsinwhichoneofthetwoR25

groupsisahydrogenatom andtheotherisanarylgrouphavingacarbonnumberof6to

10,suchasN-phenylsulfamicacid,aswellassaltsoftheaboveacids.Examplesofthe

sulfamicacidsaltsincludealkalimetalsaltssuchassodium saltsandpotassium salts,

alkalineearthmetalsaltssuchascalcium salts,strontium saltsandbarium salts,other
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metalsaltssuchasmanganesesalts,coppersalts,zincsalts,ironsalts,cobaltsaltsand

nickelsalts,aswellasammonium saltsandguanidinesalts.Oneofthesesulfamicacid

compoundsorsaltsmaybeusedalone,oracombinationoftwoormorecompoundsor

saltsmaybeused.Intermsoftheenvironmentalburdenandthelike,theuseofsulfamic

acid(amidosulfuricacid)asthesulfamicacidcompoundispreferred.5

[0075]

Inthemethodforcontrollingslimeonaseparationmembraneaccordingtoan

embodimentofthepresentinvention,analkaliispreferablyalsointroduced.Examplesof

thealkaliincludealkalihydroxidessuchassodium hydroxideandpotassium hydroxide.In

termsofachievinggoodproductstabilityandthelikeatlow temperatures,acombination10

ofsodium hydroxideandpotassium hydroxidemayalsobeused.Thealkaliistypically

usednotasasolid,butintheform ofanaqueoussolution.

[0076]

Examplesoftheseparationmembraneincludeareverseosmosismembrane(RO

membrane),nanofiltrationmembrane(NFmembrane),microfiltrationmembrane(MF15

membrane),andultrafiltrationmembrane(UFmembrane).Amongthese,themethodfor

controllingslimeonaseparationmembraneaccordingtoanembodimentofthepresent

inventioncanbeappliedparticularlyfavorablytoreverseosmosismembranes(RO

membranes).Further,themethodforcontrollingslimeonaseparationmembrane

accordingtoanembodimentofthepresentinventioncanbeusedfavorablywith20

polyamide-basedpolymermembranes,whicharecurrentlythemostwidelyusedreverse

osmosismembranes.Polyamide-basedpolymermembraneshavecomparativelylow

resistancetooxidizingagents,andiffreechlorineorthelikeiskeptincontinuouscontact

withapolyamide-basedpolymermembrane,thenamarkeddeteriorationmayoccurinthe

performanceofthemembrane.However,inthemethodforcontrollingslimeona25

separationmembraneaccordingtoanembodimentofthepresentinvention,thistypeof

markeddeteriorationinthemembraneperformanceisalmostnon-existent,evenfor

polyamidepolymermembranes.
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[0077]

Inthemethodforcontrollingslimeonaseparationmembraneaccordingtoan

embodimentofthepresentinvention,inthecasewherethemembraneseparationapparatus

isanRO apparatushavingareverseosmosismembrane(RO membrane)astheseparation

membrane,thepH ofthefeedwatersuppliedtotheRO apparatusispreferably5.5or5

higher,morepreferably6.0orhigher,andstillmorepreferably6.5orhigher.IfthepH of

thefeedwatersuppliedtotheRO apparatusislessthan5.5,thenthevolumeofpermeate

maysometimesdecrease.Further,therearenoparticularlimitationsontheupperlimitfor

thepH ofthefeedwatersuppliedtotheRO apparatus,providedthatthepH isnohigher

thanthetypicalupperlimitpH forreverseosmosismembranes(RO membranes)(for10

example,pH 10),butifscaledepositionofhardcomponentssuchascalcium isalso

considered,thenoperatingtheRO apparatusatapH of,forexample,9.0orloweris

preferred.W henthemethodforcontrollingslimeonaseparationmembraneaccordingto

anembodimentofthepresentinventionisused,byoperatingtheRO apparatuswiththepH

ofthefeedwatersuppliedtotheapparatussetto5.5orhigher,degradationofthereverse15

osmosismembrane(RO membrane)anddeteriorationinthequalityofthetreatedwater

(permeate)canbesuppressed,asatisfactoryslime-controllingeffectcanbeachieved,anda

satisfactorypermeatevolumecanalsobeensured.

[0078]

InthosecaseswherescaledevelopsintheRO apparatuswhenthepH ofthefeed20

watersuppliedtotheRO apparatusis5.5orhigher,adispersantmaybeusedforthe

purposeofscaleinhibitionincombinationwiththebromine-basedoxidizingagentor

stabilizedhypobromousacidcomposition.Examplesofthedispersantincludepolyacrylic

acid,polymaleicacidandphosphonicacid.Theamountofthedispersantaddedtothefeed

water,forexampleintermsoftheconcentrationwithintheRO concentrate,istypically25

withinarangefrom 0.1to1,000mg/L.

[0079]
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Further,onemethodforinhibitingtheoccurrenceofscalewithoutusinga

dispersantinvolvesadjustingtheoperatingconditionsfortheRO apparatussuchasthe

recoveryratesothatthesilicaconcentrationintheRO concentrateisnohigherthanthe

degreeofsolubility,andtheLangelierindex,whichisanindicatorforcalcium scale,isnot

morethan0.5

[0080]

ExamplesofapplicationsfortheRO apparatusincludeseawaterdesalinationand

wastewaterrecovery.

[0081]

<SlimeInhibitorCompositionforSeparationMembrane>10

A slimeinhibitorcompositionforaseparationmembraneaccordingtothis

embodimentisacompositioncontaininga"bromine-basedoxidizingagent",ora"reaction

productofabrominecompoundandachlorine-basedoxidizingagent",anda"sulfamic

acidcompound",andmayalsoincludeanalkali.

[0082]15

Furthermore,theslimeinhibitorcompositionforaseparationmembraneaccording

tothisembodimentmayalsobeacompositioncontaininga"reactionproductofa

bromine-basedoxidizingagentandasulfamicacidcompound"ora"reactionproductofa

sulfamicacidcompoundwithareactionproductofabrominecompoundandachlorine-

basedoxidizingagent",andmayalsoincludeanalkali.20

[0083]

Thebromine-basedoxidizingagent,thebrominecompound,thechlorine-based

oxidizingagent,andthesulfamicacidcompoundareasdescribedabove.

[0084]

Theslimeinhibitorcompositionforaseparationmembraneaccordingtothis25

embodimentispreferablyacompositioncontainingbromineandasulfamicacid

compound(acompositioncontainingamixtureofbromineandasulfamicacid

compound),suchasamixtureofbromine,asulfamicacidcompound,analkaliandwater,
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oracompositioncontainingareactionproductofbromineandasulfamicacidcompound,

suchasamixtureofareactionproductofbromineandasulfamicacidcompound,analkali

andwater,assuchcompositionstendtoexhibitlessdegradationofreverseosmosis

membranes(RO membranes)andthelike,andsufferfrom lessleakageofeffective

halogenintothemembranepermeatesuchastheRO permeate.5

[0085]

Comparedwithcombinedchlorine-basedslimeinhibitorssuchaschlorosulfamic

acid,theslimeinhibitorcompositionforaseparationmembraneaccordingtothepresent

embodimenttendstohavehigheroxidizingpower,andmarkedlyhigherslimeinhibition

andslime-detachingpower,andyetcausesalmostnoneofthemarkedmembrane10

degradationobservedforothercompositionsofsimilaroxidizingpowersuchas

hypochlorousacid.Attypicalusageconcentrations,theeffectsonmembranedegradation

canbesubstantiallyignored.Asaresult,thecompositionisidealasaslimeinhibitorfor

separationmembranessuchasreverseosmosismembranes(RO membranes).

[0086]15

Unlikehypochlorousacid,theslimeinhibitorcompositionforaseparation

membraneaccordingtothepresentembodimenttendstoundergoalmostnopermeation

throughthereverseosmosismembrane(RO membrane),andthereforehasalmostnoeffect

onthetreatedwaterquality.Further,becausetheconcentrationcanbemeasuredonsitein

asimilarmannertohypochlorousacidorthelike,moreaccurateconcentrationcontrolis20

possible.Furthermore,theslimeinhibitorcompositionforaseparationmembrane

accordingtothepresentembodimentreactswithtrihalomethaneprecursorstogenerate

bromine-basedtrihalomethanes,butthesearethoughttobeeasilyrejectedbythe

separationmembrane,meaningthetrihalomethaneconcentrationinthepermeatefrom the

separationmembranecanbereducedsignificantly.25

[0087]
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ThepH ofthecompositionis,forexample,higherthan13.0,andispreferably

higherthan13.2.IfthepH ofthecompositionis13.0orlower,thentheeffectivehalogen

inthecompositionmaysometimesbecomeunstable.

[0088]

Thebromateconcentrationintheslimeinhibitorcompositionforaseparation5

membraneispreferablylessthan5mg/kg.Ifthebromateconcentrationintheslime

inhibitorcompositionforaseparationmembraneis5mg/kgorgreater,thenthe

concentrationofbromateionsinthepermeatemayincrease.

[0089]

<MethodforProducingSlimeInhibitorCompositionforSeparationMembrane>10

Theslimeinhibitorcompositionforaseparationmembraneaccordingtoan

embodimentofthepresentinventionisobtainedbymixingabromine-basedoxidizing

agentandasulfamicacidcompound,orbymixingareactionproductofabromine

compoundandachlorine-basedoxidizingagent,andasulfamicacidcompound.Analkali

mayalsobemixedintothecomposition.15

[0090]

Themethodforproducingaslimeinhibitorcompositionforaseparationmembrane

thatcontainsbromineandasulfamicacidcompound,oraslimeinhibitorcompositionfora

separationmembranethatcontainsareactionproductofbromineandasulfamicacid

compoundpreferablyincludesastepofaddingandreactingbromine,underaninertgas20

atmosphere,withamixedsolutioncontainingwater,analkaliandasulfamicacid

compound,orastepofaddingbromine,underaninertgasatmosphere,toamixedsolution

containingwater,analkaliandasulfamicacidcompound.Byperformingtheadditionand

inducingthereactionunderaninertgasatmosphere,orbyperformingtheadditionunder

aninertgasatmosphere,theconcentrationofbromateionsinthecompositioncanbe25

reduced,andthebromateionconcentrationinthepermeatesuchastheRO permeatecan

alsobereduced.

[0091]



27

Althoughtherearenoparticularlimitationsontheinertgasused,atleastoneof

nitrogenandargonispreferredfrom aproductionperspectiveandthelike,andnitrogenis

particularlypreferredintermsofproductioncostsandthelike.

[0092]

Theoxygenconcentrationinsidethereactionvesselduringthebromineadditionis5

preferablynotmorethan6%,morepreferablynotmorethan4%,stillmorepreferablynot

morethan2%,andmostpreferably1% orless.Iftheoxygenconcentrationinsidethe

reactionvesselduringthebrominereactionexceeds6%,thentheamountofbromicacid

producedinthereactionsystem maysometimesincrease.

[0093]10

Theproportionofbromineaddedispreferablynotmorethan25wt% relativetothe

totalweightofthecomposition,andismorepreferablyatleast1wt% butnotmorethan20

wt%.Iftheproportionofbromineaddedexceeds25wt% relativetothetotalweightofthe

composition,thentheamountofbromicacidproducedinthereactionsystem may

sometimesincrease.Iftheproportionislessthan1wt%,thenthesterilizationpowermay15

bepoor.

[0094]

Thereactiontemperatureduringthebromineadditionispreferablycontrolled

withinarangefrom atleast0°Ctonotmorethan25°C,andintermsofproductioncosts

andthelike,ismorepreferablycontrolledwithinarangefrom atleast0°Ctonotmore20

than15°C.Ifthereactiontemperatureduringthebromineadditionexceeds25°C,thenthe

amountofbromicacidproducedinthereactionsystem maysometimesincrease,whereas

ifthetemperatureislessthan0°C,thenthereactionsystem mayfreeze.

EXAMPLES25

[0095]

Thepresentinventionisdescribedbelow infurtherdetailusingexamplesand

comparativeexamples,butthepresentinventionisinnowaylimitedbytheseexamples.
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[0096]

Theeffectsofslimeinhibitorsonthetrihalomethaneconcentrationinthepermeate

andtheperformanceofareverseosmosismembrane(RO membrane)werecomparedfor

thecasewhereastabilizedhypobromousacidcompositionthatwasa"reactionproductof

abromine-basedoxidizingagentandasulfamicacidcompound"wasusedastheslime5

inhibitor(Example1),thecasewhereastabilizedhypobromousacidcompositionthatwas

a"reactionproductofasulfamicacidcompoundwithareactionproductofabromine

compoundandachlorine-basedoxidizingagent"wasusedastheslimeinhibitor(Example

2),thecasewherea"bromine-basedoxidizingagent"wasusedastheslimeinhibitor

(Example3),andthecasewherehypochlorousacidwasusedasatypicalslimeinhibitor10

(ComparativeExample1).

[0097]

[PreparationofComposition1]

Liquidbromine:16.9wt%,sulfamicacid:10.7wt%,sodium hydroxide:12.9wt%,

potassium hydroxide:3.94wt% andwater:thebalanceweremixedtogetherundera15

nitrogenatmospheretoprepareacomposition1.ThepH ofthecomposition1was14,and

theeffectivehalogenconcentration(effectiveequivalentchlorineconcentration)was7.5

wt%.A detaileddescriptionofthemethodforpreparingthecomposition1ispresented

below.

[0098]20

A 2literfour-neckedflaskintowhichnitrogengaswasinjectedcontinuouslyata

flow ratecontrolledbyamassflow controllersothattheoxygenconcentrationinsidethe

reactionvesselwasmaintainedat1% waschargedwith1,436gofwaterand361gof

sodium hydroxide,andfollowingmixing,300gofsulfamicacidwasaddedandmixed,

andwiththeflaskthencooledtomaintainthetemperatureofthereactionsolutionat0to25

15°C,473gofliquidbrominewasadded,and230gofa48% solutionofpotassium

hydroxidewasthenadded,thusobtainingthetargetcomposition1containing10.7wt% of

sulfamicacidand16.9wt% ofbrominerelativetothetotalweightofthecomposition,and
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havingaratiofortheequivalentweightofsulfamicacidrelativetotheequivalentweight

ofbromineof1.04.MeasurementofthepH ofthepreparedsolutionusingtheglass

electrodemethodyieldedavalueof14.Measurementofthebrominecontentofthe

preparedsolutionusingamethodinwhichthebrominewassubstitutedwithiodineusing

potassium iodide,andaredoxtitrationwasthenperformedusingsodium thiosulfate5

revealedavalueof16.9%,whichwas100.0% ofthetheoreticalcontent(16.9%).Further,

theoxygenconcentrationinsidethereactionvesselduringthebrominereactionwas

measuredusingan"OxygenMonitorJKO-02LJDII"manufacturedbyJikcoLtd.The

bromateconcentrationwaslessthan5mg/kg.

[0099]10

[PreparationofComposition2]

Sodium bromide:11wt%,a12% aqueoussolutionofsodium hypochlorite:50

wt%,sodium sulfamate:14wt%,sodium hydroxide:8wt%,andwater:thebalancewere

mixedtogethertoprepareacomposition2.ThepH ofthecomposition2was14,andthe

effectivehalogenconcentration(effectiveequivalentchlorineconcentration)was6wt%.15

A moredetaileddescriptionofthepreparationmethodforthecomposition2ispresented

below.

[0100]

A reactionvesselwaschargedwith17gofwater,11gofsodium bromidewas

addedanddissolvedbystirring,50gofa12% aqueoussolutionofsodium hypochlorite20

wasthenaddedandmixed,14gofsodium sulfamatewasaddedanddissolvedbystirring,

and8gofsodium hydroxidewasthenaddedanddissolvedbystirringtoobtainthetarget

composition2.

[0101]

Theresultsofmeasuringtheamountofchloricacidinthecompositionsusingan25

ionchromatographymethodinaccordancewiththemethodprescribedin"JW W A K 120

(2008)Sodium hypochloriteforwatersupply"revealedthattheamountofchloricacidwas

lessinthecomposition1(lessthan50mg/kg)thaninthecomposition2(1,100mg/kg).
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[0102]

[Composition3]

A 9wt% aqueoussolutionofsodium hypobromite(KantoChemicalCo.,Inc.,Cica

grade1)wasusedasacomposition3.

[0103]5

[Composition4]

A 12wt% aqueoussolutionofsodium hypochloritewasusedasacomposition4.

[0104]

<Examples1to3,ComparativeExample1,ReferenceExamples1and2>

Undertheconditionsdescribedbelow,eachofthecompositions1to4wasadded10

totheraw waterforareverseosmosismembraneapparatus,andthetotaltrihalomethane

concentrationintheseparationmembranefeedwaterandtheseparationmembrane

permeate,andtherejectionratefortotaltrihalomethanebythereverseosmosismembrane

(RO membrane)werecompared.InExamples1to3andComparativeExample1,a

simulatedwaterdescribedbelow wasused,whereasinReferenceExamples1and2,apure15

waterwasused.

[0105]

(TestConditions)

-Testapparatus:flatmembranetestapparatus

-Separationmembrane:polyamide-basedpolymerreverseosmosismembrane20

ES15,manufacturedbyNittoDenkoCorporation

-Operatingpressure:0.75MPa

-Raw water:asimulatedwaterhavingatrihalomethaneformationpotentialof0.01

mg/L(preparedbyadding8.9mg/Lofhumicacid(manufacturedbyW akoPureChemical

Industries,Ltd.)asatrihalomethaneprecursortopurewater,TOC:5mg/L),orpurewater25

-Reagent:thecompositions1to4wereeachaddedinsufficientamounttoproduce

aneffectivehalogenconcentration(effectiveequivalentchlorineconcentration)of3mg/L



31

-Raw waterpH:adjustedsothatthepH ofthetestwaterfollowingadditionofthe

reagentwaspH 8

-Testtemperature:25°C

-Methodofmeasuringtrihalomethaneformationpotential:sufficientsodium

hypochloritewasaddedtothesamplesothatfollowingreactionunderconditionsincluding5

apH of7.0,atemperatureof20°Candareactiontimeof24hours,thefreeresidual

chlorineconcentrationafter24hourswas1to2mg/L,andtheamountoftrihalomethane

producedwasthenmeasuredanddeterminedbysimultaneousanalysisbypurge-trapgas

chromatographymassspectrometry.A "TekmarStratum"apparatusmanufacturedby

TeledyneTekmarInc.wasusedasthepurge-trapapparatus,a"7890"apparatus10

manufacturedbyAgilentTechnologies,Inc.wasusedasthegaschromatograph,anda

"5975C"apparatusmanufacturedbyAgilentTechnologies,Inc.wasusedasthemass

spectrometer.

-Methodofmeasuringeffectivehalogenconcentration:measuredbytheDPD

methodusingaresidualchlorinemeasuringinstrument(DR-4000,manufacturedbyHach15

Company).

[0106]

(EvaluationMethods)

[TotaltrihalomethaneconcentrationinRO feedwaterandRO permeate,andrejectionrate

fortotaltrihalomethanebyreverseosmosismembrane(RO membrane)]20

Samplespreparedbyaddingthecompositions1to4tothesimulatedwaterorpure

waterintheamountsshowninTable1andthenadjustingthepH to8wereeachadjusted

toawatertemperatureof25°CandcirculatedthroughanRO apparatus.After4hours,the

totaltrihalomethaneconcentration(mg/L)intheRO feedwaterandtheRO permeatewas

measured.Basedonthesevaluesforthetotaltrihalomethaneconcentration(mg/L)inthe25

RO feedwaterandtheRO permeate,therejectionrate(%)fortotaltrihalomethanebythe

reverseosmosismembrane(RO membrane)wasdetermined.Theresultsareshownin

Table1.Here,theterm "totaltrihalomethane"indicatesthecombinationoffour
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compounds,namelychloroform,bromodichloromethane,dibromochloromethaneand

bromoform.

[0107]

Thetotaltrihalomethaneconcentrationwasmeasuredbysimultaneousanalysisby

purge-trapgaschromatographymassspectrometryinaccordancewiththemethod5

prescribedbytheMinisterforHealth,LaborandW elfare(NotificationNo.261from the

MinisterforHealth,LaborandW elfare,2003)basedontheprescriptionsofministerial

ordinancesrelatingtowaterqualitystandards.

[0108]

[Table1]10

Reagent Testwater

Totaltrihalomethaneconcentration

(mg/L)
Rejectionrate(%)

fortotal

trihalomethaneby

RO membrane

RO feedwater

(afteradditionof

reagent)

RO permeate

(afteradditionof

reagent)

Example1 Composition1
Simulated

water
0.022 <0.001 >95

Example2 Composition2
Simulated

water
0.042 <0.001 >95

Example3 Composition3
Simulated

water
0.036 <0.001 >95

Comparative

Example1
Composition4

Simulated

water
0.005 0.002 60

Reference

Example1
Composition1 Purewater <0.001 <0.001 -

Reference

Example2
Composition4 Purewater <0.001 <0.001 -

[0109]

Inthismanner,comparedwithComparativeExample1,inExamples1to3the

trihalomethanecontentinthepermeatewasabletobereduced,whileprovidinga

satisfactoryslime-controllingeffect.InthecaseofReferenceExamples1and2inwhich15

purewaterwasusedastheraw water,almostnotrihalomethanewasproduced.

[0110]



33

[Effectonreverseosmosismembrane(RO membrane)rejectionrate,effectonpermeate,

oxidizingpowercomparativetest]

Thecaseinwhichabromine-basedoxidizingagent,orareactionproductofa

brominecompoundandachlorine-basedoxidizingagent,andasulfamicacidcompound

wereused,andthecaseinwhichatypicalslimeinhibitorsuchashypochlorousacidor5

hypobromousacidwasusedwerecomparedintermsoftheeffectonthereverseosmosis

membrane(RO membrane)rejectionrate,theeffectonthepermeate,theoxidizingpower,

andthesterilizationpower.

[0111]

Thecompositions1,2,and4to7wereeachaddedtotheraw waterforareverse10

osmosismembraneapparatusundertheconditionsdescribedbelow,andtheeffectonthe

reverseosmosismembrane(RO membrane)rejectionrate,theeffectonthepermeate,and

theoxidizingpowerwerecompared.

[0112]

[Composition5]15

Eachofthecomponentsofthecomposition2wereaddedseparatelytothewater.

[0113]

[Composition6]

A composition6containingbrominechloride,sodium sulfamateandsodium

hydroxidewasused.ThepH ofthecomposition6was14,andtheeffectivehalogen20

concentration(effectiveequivalentchlorineconcentration)was7wt%.

[0114]

[Composition7]

Sodium bromide:15wt% anda12% aqueoussolutionofsodium hypochlorite:

42.4wt% wereaddedseparatelytothewater.25

[0115]

(TestConditions)

-Testapparatus:flatmembranetestapparatus
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-Separationmembrane:polyamide-basedpolymerreverseosmosismembrane

ES20,manufacturedbyNittoDenkoCorporation

-Operatingpressure:0.75MPa

-Raw water:Sagamiharawellwater(pH:7.2,conductivity:240µS/cm,bromide

ionconcentration:lessthan1.0mg/L)5

-Reagent:eachofthecompositions1,2,and4to7wasaddedinsufficientamount

toproduceaneffectivehalogenconcentration(effectiveequivalentchlorineconcentration)

of10mg/L.

[0116]

(EvaluationMethods)10

-Effectonreverseosmosismembrane(RO membrane)rejectionrate:the

conductivityrejectionrate(%)after30daysoperation

(100-[permeateconductivity/feedwaterconductivity]×100)

-Effectonpermeate:theeffectivehalogenconcentration(effectiveequivalent

chlorineconcentration,mg/L)withinthepermeateonehourafteradditionofthereagent15

wasmeasuredbytheDPD methodusingaresidualchlorinemeasuringinstrument(DR-

4000,manufacturedbyHachCompany)

-Oxidizingpower:theoxidation-reductionpotential(ORP)ofthefeedwaterafter

onehourwasmeasuredusinganoxidation-reductionpotentialmeasuringdevice(RM-20P

ORPmeter,manufacturedbyDKK-TOA Corporation)20

[0117]

[ComparativeTestofSterilizationPower]

Undertheconditionsdescribedbelow,eachofthecompositions1,2,and4to7

wasaddedtoasimulatedwater,andthesterilizationpowerwascompared.

[0118]25

(TestConditions)

-W ater:asimulatedwaterpreparedbyaddingnormalbouillontoSagamiharawell

watertoadjustthenumberofgeneralbacteriato105CFU/ml
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-Reagent:eachofthecompositions1,2,and4to7wasaddedinsufficientamount

toproduceaneffectivehalogenconcentration(effectiveequivalentchlorineconcentration)

of1mg/L(effectivehalogenconcentrationmeasurementmethod:measuredbytheDPD

methodusingaresidualchlorinemeasuringinstrument(DR-4000,manufacturedbyHach

Company))5

[0119]

(EvaluationMethod)

Thenumberofgeneralbacteria24hoursaftertheadditionofthereagentwas

measuredusingabacterialcountmeasuringkit(BiocheckerTTC,manufacturedbySan-Ai

OilCo.,Ltd.).10

[0120]

ThetestresultsareshowninTable2.

[0121]

[Table2]

RO membrane

rejectionrate(after

30daysoperation)

(%)

Effectivehalogen

concentrationin

RO permeate

(mg/L)

ORP

(mV)

Bacterialcount

after24hours

(CFU/ml)

Composition1 99 <0.01 650 <103

Composition2 92 0.5 620 <103

Composition5 90 1.0 660 <103

Composition6 97 0.2 630 <103

Composition4 71 5.5 790 <103

Composition7 70 2.0 800 <103

15

[0122]

Thecompositions1,2,5and6maintainedahighreverseosmosismembrane(RO

membrane)rejectionrate,exhibitedalow effectivehalogenconcentration(effective

equivalentchlorineconcentration)inthepermeate,andhadexcellentoxidizingpowerand

sterilizationpower.Amongthecompositions1,2,5and6,thecomposition1maintained20
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thehighestreverseosmosismembrane(RO membrane)rejectionrate,andalsoexhibited

thelowesteffectivehalogenconcentration(effectiveequivalentchlorineconcentration)in

thepermeate.

[0123]

Thecomposition4exhibitedhighoxidizingpowerandsterilizationpower,butthe5

reverseosmosismembrane(RO membrane)rejectionratedecreased,andtheeffective

halogenconcentration(effectiveequivalentchlorineconcentration)inthepermeatewas

alsohigh.Thecomposition7exhibitedhighoxidizingpowerandsterilizationpower,but

theeffectivehalogenconcentration(effectiveequivalentchlorineconcentration)inthe

permeatewasslightlyhigh.10

[0124]

[ComparativeTestofBromateIonConcentrationinPermeate]

Thebromateionconcentrationinthepermeatewascomparedforthecaseswhere

nitrogengaspurgingwaseitherperformedornotperformedduringcomposition

preparation.15

[0125]

[PreparationofComposition1']

Inasimilarmannertothecomposition1,liquidbromine:17wt%,sulfamicacid:

10.7wt%,sodium hydroxide:12.9wt%,potassium hydroxide:3.95%,andwater:the

balanceweremixedtogetherunderanitrogenatmospheretoprepareacomposition1'.The20

pH ofthecomposition1'was14,theeffectivehalogenconcentration(effectiveequivalent

chlorineconcentration)was7.5wt%,andthebromateconcentrationwaslessthan5

mg/kg.

[0126]

[PreparationofComposition8]25

W ithoutperformingnitrogenpurging,liquidbromine:17wt%,sulfamicacid:10.7

wt%,sodium hydroxide:12.9wt%,potassium hydroxide:3.95%,andwater:thebalance

weremixedtogetherundernormalatmosphericconditionstoprepareacomposition8.The
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pH ofthecomposition8was14,theeffectivehalogenconcentration(effectiveequivalent

chlorineconcentration)was7.4wt%,andthebromateconcentrationwas63mg/kg.

[0127]

(TestConditions)

-Testdevice:flatmembranetestapparatus5

-Separationmembrane:polyamide-basedpolymerreverseosmosismembrane

ES20,manufacturedbyNittoDenkoCorporation

-Operatingpressure:0.75MPa

-Raw water:Sagamiharawellwater(pH:7.2,conductivity:240µS/cm)

-Reagent:thecompositions1'and8wereeachaddedinsufficientamountto10

produceaneffectivehalogenconcentration(effectiveequivalentchlorineconcentration)of

50mg/L

[0128]

(EvaluationMethod)

Thebromateionconcentrationinthepermeatewasmeasuredusinganion15

chromatographypost-columnabsorbancemethod.

[0129]

ThetestresultsareshowninTable3.

[0130]

[Table3]20

Infeedwater

"'&$%#

Inpermeate

"'&$%#

Composition1' <1 <1

Composition8 42 1

[0131]

Inthecomposition1',thebromateionconcentrationinboththefeedwaterandthe

permeatewaslessthan1µg/L.Inthecomposition8,thebromateionconcentrationin
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boththefeedwaterandthepermeatewashigherthanthecorrespondingvalueforthe

composition1'.

[0132]

Next,thecasewhereastabilizedhypobromousacidcompositionthatisa"reaction

productofabromine-basedoxidizingagentandasulfamicacidcompound"wasusedasa5

slimeinhibitor(Example4),thecasewherea"bromine-basedoxidizingagent"wasusedas

aslimeinhibitor(Example5),thecasewherehypochlorousacidwasusedasatypical

slimeinhibitor(ComparativeExample2),andthecasewhereastabilizedhypochlorous

acidcompositionthatisa"reactionproductofhypochlorousacidandasulfamicacid

compound"wasusedasaslimeinhibitor(ComparativeExample3)werecomparedin10

termsofthetrihalomethaneconcentrationinthetreatedwaterandtheeffectonthe

sterilizationperformance.

[0133]

[Composition9]

A 12% aqueoussolutionofsodium hypochlorite:50wt%,sulfamicacid:10wt%,15

sodium hydroxide:8wt%,andwater:thebalanceweremixedtogethertopreparea

composition9.ThepH ofthecomposition9was14,andtheeffectivehalogen

concentration(effectiveequivalentchlorineconcentration)was6wt%.

[0134]

<Examples4and5,ComparativeExamples2and3>20

Undertheconditionsdescribedbelow,eachofthecompositions1,3and4was

addedtoaraw water,andthetotaltrihalomethaneconcentrationinthetreatedwaterwas

compared.Thesimulatedwaterdescribedbelow wasusedastheraw water.

[0135]

(TestConditions)25

-Raw water:asimulatedwater(preparedbyadding,topurewater,8.9mg/Lof

humicacid(manufacturedbyW akoPureChemicalIndustries,Ltd.)asatrihalomethane

precursor,andsodium bromide(manufacturedbyKantoChemicalCo.,Inc.,specialgrade)
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asabromideionsourceinsufficientamounttoproduceaconcentrationof0.1to300

mg/L)

-Reagent:thecompositions1,3and4wereeachaddedinsufficientamountto

produceaneffectivehalogenconcentration(effectiveequivalentchlorineconcentration)of

3mg/L5

-Raw waterpH:adjustedsothatthepH ofthetestwaterfollowingadditionofthe

reagentwaspH 8

-Testtemperature:25°C

-Methodofmeasuringeffectivehalogenconcentration:measuredbytheDPD

methodusingaresidualchlorinemeasuringinstrument(DR-4000,manufacturedbyHach10

Company).

[0136]

(EvaluationMethods)

[Totaltrihalomethaneconcentrationintreatedwater]

Samplespreparedbyaddingthecompositions1,3and4tothesimulatedwaterand15

thenadjustingthepH to8wereeachadjustedtoawatertemperatureof25°Candthen

stirredfor4hours.Afterstirringfor4hours,thetotaltrihalomethaneconcentration(mg/L)

inthetreatedwaterwasmeasured.TheresultsareshowninFIG.2.Here,theterm "total

trihalomethane"indicatesthecombinationoffourcompounds,namelychloroform,

bromodichloromethane,dibromochloromethaneandbromoform.20

[0137]

Thetotaltrihalomethaneconcentrationwasmeasuredbysimultaneousanalysisby

purge-trapgaschromatographymassspectrometryinaccordancewiththemethod

prescribedbytheMinisterforHealth,LaborandW elfare(NotificationNo.261from the

MinisterforHealth,LaborandW elfare,2003)basedontheprescriptionsofministerial25

ordinancesrelatingtowaterqualitystandards.

[0138]

[ComparativeTestofSterilizationPower]
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Undertheconditionsdescribedbelow,eachofthecompositions1and9wasadded

toasimulatedwater,andthesterilizationpowerwascompared.

[0139]

(TestConditions)

-W ater:asimulatedwaterpreparedbyaddingnormalbouillontoSagamiharawell5

watertoadjustthenumberofgeneralbacteriato105CFU/ml

-Reagent:eachofthecompositions1and9wasaddedinsufficientamountto

produceaneffectivehalogenconcentration(effectiveequivalentchlorineconcentration)of

1mg/L(effectivehalogenconcentrationmeasurementmethod:measuredbytheDPD

methodusingaresidualchlorinemeasuringinstrument(DR-4000,manufacturedbyHach10

Company))

[0140]

(EvaluationMethod)

Thenumberofgeneralbacteria24hoursaftertheadditionofthereagentwas

measuredusingabacterialcountmeasuringkit(BiocheckerTTC,manufacturedbySan-Ai15

OilCo.,Ltd.).

[0141]

ThetestresultsareshowninTable4.

[0142]

[Table4]20

Initialbacterialcount

(CFU/ml)

Bacterialcountafter24hours

(CFU/ml)

Example4

(Composition1)
105 <103

ComparativeExample3

(Composition9)
105 104

[0143]

Inthismanner,comparedwithComparativeExamples2and3,inExamples4and

5,slimeproductioninthewatercontainingtrihalomethaneprecursorsandbromideions
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wasabletobebettersuppressed,andtheproductionoftrihalomethaneswasabletobe

easilycontrolled.

[0144]

[Changeovertimeineffectivehalogenconcentrationintrihalomethaneprecursor-

containingwater]5

[PreparationofComposition2']

BasedoncontentdisclosedinJPH11-506139A,acompositionwaspreparedusing

thefollowingprocedure.ThepH ofthecomposition2'was14,theeffectivehalogen

concentration(effectiveequivalentchlorineconcentration)was5wt%,andthebromate

concentrationwas15mg/kg.10

(1)First,41.7gofa12% aqueoussolutionofsodium hypochloritewasaddedto

27.0gofa40wt% purewatersolutionofsodium bromide.

(2)A stabilizedsolutionwaspreparedfrom 56.0gofpurewater,26.0gofsulfamic

acidand18.0gofsodium hydroxide.

(3)Finally,31.3gofthestabilizedsolutionof(2)wasaddedunderstirringtothe15

solutionof(1)toobtainthetargetcomposition2'.

[0145]

<Example6,ComparativeExample4>

UndertheconditionsshowninTable5,thecomposition1,thecomposition2'or

thecomposition4wasaddedtoasimulatedseawaterA havingatrihalomethaneformation20

potentialof0.11mg/L(preparedbyadding8.9mg/Lofhumicacid(manufacturedby

W akoPureChemicalIndustries,Ltd.)asatrihalomethaneprecursortoanartificial

seawater,TOC:5mg/L),orasimulatedseawaterBhavingatrihalomethaneformation

potentialof0.04mg/L(preparedbyadding8.9mg/Lofhumicacid(manufacturedby

W akoPureChemicalIndustries,Ltd.)asatrihalomethaneprecursortoanartificial25

seawater,TOC:5mg/L),orasimulatedwaterChavingatrihalomethaneformation

potentialof0.01mg/L(preparedbyadding8.9mg/Lofhumicacid(manufacturedby

W akoPureChemicalIndustries,Ltd.)asatrihalomethaneprecursortopurewater,TOC:5
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mg/L),inanamountsufficienttoproduceaneffectivehalogenconcentrationof10mg/L

asCl2or5mg/LasCl2.Usinganaqueoussolutionofsodium hydroxideoranaqueous

solutionofsulfuricacid,thepH ofthetestsolutionwasadjustedto8.4,andthesolution

wasthenlefttostandindarkconditionsatroom temperature(25°C),whilethechangein

thetotalhalogenconcentrationwasmeasuredovertime.TheresultsareshowninTable5.5

ThesimulatedseawatersA andBwerepreparedusinganartificialseawater(Aquamarine

(aregisteredtrademark),manufacturedbyYashimaPureChemicalsCo.,Ltd.),by

dissolvingthevariouscomponentsinpurewatertoachievethecompositionsshownin

Table6.Thetrihalomethaneformationpotentialwasmeasuredusingthesamemethodto

thatdescribedinExample1.10

[0146]

Thetotalhalogenconcentration(effectiveequivalentchlorineconcentration)was

measuredinaccordancewiththeproceduredescribedbelow.

[0147]

Theeffectivehalogenconcentrationreferstothevalue(mg/LasCl2)obtainedby15

dilutingthesample,andthenperformingmeasurementbytheeffectivechlorine

measurementmethod(namely,theDPD (diethyl-p-phenylenediamine)method),usinga

multipurposewaterqualityanalyzerDR/4000manufacturedbyHachCompany(inthe

caseoftotalhalogenconcentration,themeasureditem is"totalchlorine").Thetotal

halogenconcentrationmentionedhereisdeemedtobethevalueobtainedbymeasurement20

usingtheeffectivechlorinemeasurementmethod(DPD method).Further,theeffective

bromineconcentration(mg/LasCl2),reportedasachlorine-equivalenteffectivehalogen

concentration,canbecalculatedfrom theeffectivechlorineconcentration,andis

calculatedasthemeasuredvaluefrom theeffectivechlorinemeasurementmethod(DPD

method)multipliedby2.25(159.8(g/mol)/70.9(g/mol))(whereinthemolecularweight25

ofchlorineisdeemed70.9(g/mol),andthemolecularweightofbromineisdeemed159.8

(g/mol)).

[0148]
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[Table5]

Example6-1 Example6-2 Example6-3 Example6-4
Comparative

Example4-1

Comparative

Example4-2

Comparative

Example4-3

Reagent

added

Composition

1

Composition

1

Composition

1

Composition

2'

Composition

4

Composition

4

Composition

4

Water
Simulated

seawaterA

Simulated

seawaterB

Simulated

waterC

Simulated

seawaterA

Simulated

seawaterA

Simulated

seawaterB

Simulated

waterC

Totalhalogen

[mg/L]

Totalhalogen

[mg/L]

Totalhalogen

[mg/L]

Totalhalogen

[mg/L]

Totalhalogen

[mg/L]

Totalhalogen

[mg/L]

Totalhalogen

[mg/L]

Start 10.0 5.0 10.0 10.0 10.0 5.0 10.0

after1day 8.6 3.8 8.5 8.1 6.5 3.2 8.3

after3days 8.2 3.4 8.3 7.3 3.2 2.0 7.2

after7days 7.5 3.1 7.7 6.7 0.8 0.4 6.6

[0149]

[Table6]

Component SimulatedseawaterA SimulatedseawaterB

Amountofeach

componentcontained

in20Lofsimulated

seawater

[g]

Magnesium chloridehexahydrate 222.23 16.988

Calcium chloridedihydrate 30.70 2.347

Strontium chloridehexahydrate 0.85 0.065

Potassium chloride 13.89 1.062

Sodium hydrogencarbonate 4.02 0.307

Potassium bromide 2.01 0.154

Boricacid 0.54 0.041

Sodium fluoride 0.06 0.005

Sodium chloride 490.68 37.509

Sodium sulfate(anhydrous) 81.88 6.259

Humicacid 0.18 0.18

Purewater balance balance

Bromideionconcentration[mg/L] 67.5 5.2

5

[0150]

BasedonacomparisonoftheExamplesandComparativeExamplesinTable5,it

isevidentthat,comparedwiththecomposition4,thecomposition1andthecomposition2'
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wereabletomaintainahighresidualhalogenconcentrationoveralongperiod,meaning

theseparationmembranecanbeeffectivelysterilizedevenwhenthemembraneseparation

apparatusisstoppedforalongperiod.BasedonacomparisonofComparativeExamples

4-1,4-2and4-3,itisthoughtthatthereasonthattherateofdecreaseinthetotalhalogen

concentrationinthesimulatedseawatersA andBwasgreaterthaninthesimulatedwater5

Cwasbecausethehypochlorousacidreactedwiththebromideionsinthesimulated

seawaters,causingachangetoamoreunstablehypobromousacid.Ontheotherhand,

comparingExamples6-1,6-2and6-4revealsthat,comparedwiththecomposition4,the

decreaseinthetotalhalogenconcentrationwasalsosuppressedinthesimulatedseawaters

forthestabilizedhypobromousacidcompositionsofthecompositions1and2'. Itis10

thoughtthatthereasonforthisobservationisnotonlybecausethestabilizedhypobromous

acidcompositionexhibitssuperiorstabilitytohypochlorousacidorhypobromousacid,but

alsobecauseaportionofthestabilizedhypobromousacidcompositionreactswiththe

chlorideionsintheartificialseawater,producingextremelystablecombinedchlorine.

[0151]15

[Effectsonreverseosmosismembrane(RO membrane)rejectionrateandpermeate

volumefollowingstorageimmersedinfungicidesolution]

<Example7>

Separationmembraneswerestoredfor30daysimmersedinvariousfungicide

solutions,andtheresultsofsubsequentlymeasuringtheconductivityrejectionrateofthe20

membraneandthepermeatevolumeretentionrateareshowninTable7.

[0152]

(TestConditions)

-Separationmembrane:polyamide-basedpolymerreverseosmosismembrane

ES15,manufacturedbyNittoDenkoCorporation25

-Testwater:SimulatedseawaterA orsimulatedseawaterBorsimulatedwaterC

-Reagent:addedinsufficientamounttoachieveatotalhalogenconcentrationof10

mg/LasCl2
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-TestwaterpH:adjustedtoprescribedpH usingaqueoussolutionofsodium

hydroxideoraqueoussolutionofsulfuricacid

-Separationmembraneimmersedstorageperiod:30days

-Immersedstorageconditions:darkconditions,room temperature(25°C)

[0153]5

(MethodofMeasuringRejectionRate)

-Testapparatus:flatmembranetestapparatus

-Operatingpressure:0.75MPa

-Raw water:Sagamiharawellwater(pH:7.2,conductivity:24mS/m)

-Conductivityrejectionrate[%]=100-[permeateconductivity/feedwater10

conductivity]×100

-Permeatevolumeretentionrate[%]=[permeatevolumeofseparationmembrane

afterstorageimmersedintestwater/permeatevolumeofnew separationmembrane]×100

[0154]
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[0155]

W hentheseparationmembranewasstoredimmersedinthecomposition4fora

longperiod,theseparationmembranedeterioratedandtherejectionratedecreased

considerably,butevenwhentheseparationmembranewasstoredimmersedinthe

composition1or2'foralongperiod,therejectionratewasmaintainedatahighvalue,and5

membranedeteriorationwassuppressed.

[0156]

Inthismanner,itwasevidentthatinthoseexampleswhereastabilized

hypobromousacidcompositionwasused,eveninamembraneseparationapparatusthat

undergoesbothoperatingperiodsandoperatingdowntimes,degradationoftheseparation10

membranecanbesuppressed,andtheseparationmembranecanbeeffectivelysterilized

duringtheoperatingdowntimes.

REFERENCESIGNSLIST

[0157]15

1:Membraneseparationsystem

10:Raw watertank

12:Membraneseparationapparatus

14:Pump

16:Raw waterline20

18:Raw watersupplyline

20:Permeateline

22:Concentrateline

24:Fungicidesupplyline

25
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CLAIMS

1. A methodforcontrollingslimeonaseparationmembrane,themethodcomprising

incorporatingabromine-basedoxidizingagent,orareactionproductofabromine

compoundandachlorine-basedoxidizingagent,inatrihalomethaneprecursor-containing5

feedwaterorwashwatersuppliedtoamembraneseparationapparatuswithaseparation

membrane.

2. A methodforcontrollingslimeonaseparationmembrane,themethodcomprising

incorporatingabromine-basedoxidizingagent,orareactionproductofabromine10

compoundandachlorine-basedoxidizingagent,andasulfamicacidcompound,ina

trihalomethaneprecursor-containingfeedwaterorwashwatersuppliedtoamembrane

separationapparatuswithaseparationmembrane.

3. A methodforcontrollingslimeonaseparationmembrane,themethodcomprising15

incorporatingareactionproductofasulfamicacidcompoundwithabromine-based

oxidizingagent,orwithareactionproductofabrominecompoundandachlorine-based

oxidizingagent,inatrihalomethaneprecursor-containingfeedwaterorwashwater

suppliedtoamembraneseparationapparatuswithaseparationmembrane.

20

4. A methodforcontrollingslimeonaseparationmembrane,themethodcomprising

incorporatingamixtureofbromineandasulfamicacidcompound,orareactionproductof

bromineandasulfamicacidcompound,inatrihalomethaneprecursor-containingfeed

waterorwashwatersuppliedtoamembraneseparationapparatuswithaseparation

membrane.25

5. ThemethodforcontrollingslimeonaseparationmembraneaccordingtoClaim 4,

whereinthereactionproductofbromineandasulfamicacidcompoundisobtainedbya
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methodincludingastepofaddingandreactingbromine,underaninertgasatmosphere,

withamixedliquidcomprisingwater,analkaliandasulfamicacidcompound.

6. Themethodforcontrollingslimeonaseparationmembraneaccordingtoanyone

ofClaims1to5,whereinaconcentrationoftrihalomethaneprecursorinthefeedwateror5

washwater,asatrihalomethaneformationpotential,isatleast0.001mg/L.

7. Themethodforcontrollingslimeonaseparationmembraneaccordingtoanyone

ofClaims1to6,whereintheseparationmembraneisapolyamide-basedpolymer

membrane.10

8. Themethodforcontrollingslimeonaseparationmembraneaccordingtoanyone

ofClaims1to7,whereinthetrihalomethaneprecursorcompriseshumins.

9. Themethodforcontrollingslimeonaseparationmembraneaccordingtoanyone15

ofClaims1to8,whereinthefeedwaterorwashwateralsocomprisesbromideions.

10. ThemethodforcontrollingslimeonaseparationmembraneaccordingtoClaim 9,

whereinthebromideionconcentrationinthefeedwaterorwashwaterisatleast5mg/L.

20

11. Themethodforcontrollingslimeonaseparationmembraneaccordingtoanyone

ofClaims1to10,whereinthemembraneseparationapparatuswithaseparation

membraneisamembraneseparationapparatusthatundergoesbothoperatingperiodsand

operatingdowntimes,andduringanoperatingdowntime:

thebromine-basedoxidizingagent,orthereactionproductofabrominecompound25

andachlorine-basedoxidizingagentisadded,

thebromine-basedoxidizingagent,orthereactionproductofabrominecompound

andachlorine-basedoxidizingagent,andthesulfamicacidcompoundareadded,
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thereactionproductofasulfamicacidcompoundwithabromine-basedoxidizing

agent,orwithareactionproductofabrominecompoundandachlorine-basedoxidizing

agentisadded,or

thereactionproductofbromineandasulfamicacidcompoundisadded.

5

12. ThemethodforcontrollingslimeonaseparationmembraneaccordingtoClaim 11,

whereinapH ofthewaterintroducedintothemembraneseparationapparatusis5.5or

higher.

13. ThemethodforcontrollingslimeonaseparationmembraneaccordingtoClaim 1010

or11,whereinthewaterintroducedintothemembraneseparationapparatusisatleastone

ofseawaterandsaltwater.


