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- 1 - Description Treatment of wager with hypobromite solution [0001] The
invention relates to a process for treating water, in particular for producing
ultrapure water, in 5 which a water stream is passed through a plurality of
treatment stages in which inorganic and/or organic species which are
present in the water are separated off. In addition, the invention relates to

a water treatment system for caf§iag diit S0eh a process. 10 [0002] The
treatment of water is currently of constantly increasing importance, in
particular.in_the_field of ebtaini inki ter, and: also in the .
productioinpé'f ﬁgﬁ%briéfp@ééﬁg v?/’gﬁé”r}.plg%l\%%c%{)g%% h?g% égr*h%ﬁ Sare
made of the water purity, in 15 particular in the latter case, for example in
tHi®easq ofprecessweatetwhichlaregequireckinghe peaduction afreating
sgmiconductors, For insance ein,seguconductor production, waler o in

having an extremely high degree of purity is required for Wastsnng silicon .
waterslin® 207 paficular AREF etdfiing Processes  f0008] The Startrd point L
farpratueing the highs purity watérireguiréd isfrequentlyssutface wateganic
farp exampleriver watercThis-is puiified in adnultistage Process separated
cogprisir}%a %zggegtment sg%ié)n, what is 25 termed a "make-up"

wha

of T, L ition e 1nventiorn ate o water
séction, and stermed a pollspnngn section. The pre?rea men

geRerdHy=EEmpHSESIh particGlak die oY nfore filtrations op&fstivns for
removing fine particles, a flocculation step for removing colloid

sypgiaages f’?tﬁ% very PQQ&B%%@ pa%ig'es’&%%tgﬁ“zati%”’ a é-ST%%geir?s anda,

desalting of the raw water. Subsequently, the water thus treate !?']u the
ke Section BEgassed’ deiofizet aHer freated wWith™ v A FarheruvE e
treatment cdan beqprevideds drinking water, and also in the

production of high-purity process water. Particularly

high demands are made of the water purity, in
particular in the latter case, for example in the case
of process waters which are reguired in the production
cf semiconductoers. For dinstance, in  semiconductor
proauction, water having an extremely high degree of
purity 1s regulred for washing silicon wafers, in

particular after etching processes.

[0003] The starting point for producing the high-
purity water reguired i1s freguently surface water, for
example river water. This 1s purified in a multistage
process comprising a pretreatment section, what is
termed a3 Tmake-up” section, and what i1s termed a
“polishing” section. The pretreatmant generally
comprises in particular one or more filtration

at
operations for removing fine particles, a flocculatio

jm

step for removing collicid substances and very fine dirt
particles, a sterilization, a softening and a desalting
of the raw water. Subseguently, the water thus treated
is, in the make-up section, degassed, deionized and

treated with UV. A further UV treatment can be provided



},A\
n

20

30

2 during polishing. In addition, the polishing generally comprises further -
deionization processes and also at least one ultrafiltration step. [0004]

The raw water to be treated generally contains 5 organic constituents or
impurities which must be removed as far as possible during the

treatment. Occasionally, the total content of organic constituents in the
rawwater eart even exceedra valde of Srppnt hpars permilion)gdlerally

[Q:%g@ﬁosré%atefm%%;? irﬁ%@%%qrzoatﬁéﬁedﬂgoﬁ%@gcggd%% also at
production, generally a maximum value of approximately 1 ppb (part per

bifG tofBrganicahy bobhdarbdn, 268 organic carbon (TOC) is sought.

Particular attention is paid here to removing 15 nitrogenous organic

copmoENdsyinparicularurea and wea detivatives,since these haver - ins
proved to be particularly interfering in semiconductor producﬂon. b
HOWEVeT Cexperianice haS 3hown tHat I0WimdiecuiaF-weight Hitrod&kous °¢
orgaric eompounds,cespesially fraay bel20 refnoviedonly with greae tment.
diffieulty;ipngonventional wateritreatmest, prosessasy 0006] Sukfaceruent s
Wz"f‘r%er %rgguegg% hasa%vgry ng cg@gentrgtigre\ g&nit[oggqg%se or%afnic,; -
compounds,in pa%cu[ea‘r in Tégions utﬂizedxlﬁtensivecly 25 agriculture. Tn PRE
these fegidiisithd ‘cbheBhtration of nitrogenous organic compounds in
surface water is increased primarily by the intensive use of nitrogen-

226%‘6&%“”%% £[0007] Rvdzawsi et al, (Ultrapurg water(D November ;30 ;

03, pages 20-26) propose adding sodium bromide and o0zone to a
WAEBHStENH For e maving Hitrd§Enous= bgahid €orfipdifidsTif partaiisr ©F
uegar Byzmeans of the ozane gopart ofcthe added sodiumdbiomidedsically
o%@@%ﬁL carbon, tota crganic carbon {(TOC) is sought.

Particular attention is paid nere to removing
nitrogenous organic compounds, 1in particular urea and
urea derivatives, since these have proved bto  be
particularly interfering in semiconducter production.
However, experience has shown that low-mclecular-welght
nitrogenous organic compounds, especially, may be
removed only with great difficulty in conventional

water treatment processeas,

[0006] Surface water frequently has a very high
concentration of nitrogencus organic compounds, 1n
particular in regions utilized intensively for
agriculture. In these regions the concentration of
nitrogenous organic compounds in surface water is
increased primarily by the intensive use of nitrogen-

pased fertilizer.

{0007} Rydzewski et =al. {Ultrapure water® November
2003, pages 20-26) propose adding sodium bromide and
oczene to a water stream for removing nltrogenous
organic compounds, in particular urea. By means of the

czone & part of the added sodium bromide is oxidized,
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3 and hypobromite is formed which in turn can react with nitrogenous
organic compounds and so convert these into a state in which they can

be more easily removed from the water stream. The ozone and the

sodium bromide are 5 added separately for this to the water stream,
wherein according to Rydzewski et al. the sodium bromide must be
agtedrupstieannof-the Dzone addifiontiri ordet to achieve optimear mixing h

of 1he wa compopents.in the. water stream, Rydzewski et al. founpd.thatin.

this 10 manner the fraction of nitrogenous organic compounds in a water

Srednfinay i fatbhé Berddtivdly Tetucdd. Hoifever Sn their STUOIES they ™
came toztheesultrthat .anléfficientoneduetioh oftthis frattion camonbdse are

achieved hyan-extragrdinatily-high hypobromite, 15 concenteation (fférein
breakd(%vn of urea rom %?; EB to@ 1:5 pﬁ) a Qggobro ite co%c%%riaglon of

a%(b%)ﬁ Ja?éﬁy 2 ppYn i recommended). Correspso%d}ﬁlgrﬁly Jéy prof?os%uSt

adding ediumipromigeand 6zohb o thedwaterastiéand it very highder to
amounts whish-of course disadyantageously 2Qgreayincreases thertotahe
lonie load of e water.siream. Downsiream separalion SIRIER I, s
especially Qccasmnallg{/ conS|dSerany Impaired by t%e lonic loading which

SRt céd SFurtermoPe, High Bondetitrations &%ﬁé%ﬁ%nﬁ‘&%ﬁ%ﬁ@s 1n
agenthypebromite gan cauge 25 cofisiderable mafterial prokléms. trduced.

particular,. in the case of azone;this is;moreqver.a relatively expensive.. - -

reagent, and it must be freshly generated immediately, before use with a

high derarid-6f equipfibHt reSurces. AlsbFrom-écomomtic épect8the °¢
pracedeve proposed byr80 Rydzewskietahiis thereférectapable vbbeipyite
optimized. {Q008],Separating off pitcogeneys grgapic.compounds frgpia o
V%“%&iﬁea?k“H?S%E%8&9¥%9m883%§§§¥§%§on of approximately
20 ppm 1g recommended). Correspondingly they propose
adding sodium bromide and ozone to the water stream 1n
very high amounts which of course disadvantageously
greatly increases the total lonic load of the water
stream. Downstream separation stages are especlally
occasionally considerably impaired by the ionic loading
which 1s introduced. Furthermore, high concentrations
of the strong oxidizing agent hypcbromite can cause
considerable material preblems. In particular in the
case of ozone this 1s moreover a relatively expensive
reagent, and it must be freshly generated immediately
before use with & high demand of eguipment rascurces.
Also from economic aspects, the procedure proposed by
Rydzewskl et al; is therefore capable of Dbeing

optimized.

[0008] Separating off nitrogenous organic compounds
from & water stream by means of hypobromite 1s zalso a
toplc of JP 09094585, From this it 1s known to add
sodium bromide and sodium hypochlorite in combination

with a fleocculent to a water stream which 1s to be
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topic of JP 09094585. From this it is known to add 35 sodium bromide and
sodium hypochlorite in combination with a flocculent to a water stream
which is to be 4 treated. Sodium hypochlorite, just as is ozone, is able to
oxidize the bromide to hypohromite. Tn 4 first step the flocculent and the
sodium bromide are added to the water stream. Not until after the
substanees wivich: haver5floctulated-cut Havetheeh separatedoff bys able
r&%a%xqfcﬁi&te&tféh%§@%jyab:mpchge§i§]%@@9@@&%epa:ralteéy t@jam step
ater stream in a further step. Howeyer, this_pracedure alrea es not .
\;\%%%a?tbqb”é’ optimal, abnecgaﬁ%g a%l%céléu aiti(i)oﬁ: §fre%(% g%r%é:raﬁf/glll %%r ormed " ©
i & D very ey stdge of @ Waterafdatieht frocess wdifely intheh have
context of the-pretreatment éseeahove) 13 this cearly Stagethewwater of =

stregim.whieh is.1p be freateq, s '('jl;%%ﬂi_g&‘i‘){‘éar%iﬁéﬁ%” e sre1y to

impurities of all types. A targeted reaction of nitrogenous organic 15~
m‘%EGritié@mﬁ hypobFerite i€ théreforélirpotsibie, SWhicH MEans that =0+
hypohromiteemust be géperatect m verythighwoaeentratonskir ordericonal,

epsurs efficient: remoyalthereof. [0009) The.abject ofithe presentag in &

invention is to 20 provide a_technical solution for treating water, in
pARTcUIaF forprodUding ulttapute Watér in wiidh Edpecially e Sspedftof ¥
thetargeted bréakdovrt oft hitragenous vrganic compounds istakepintohis
ageount. The gelution-acgarding tethe invention-should, 25.comparee:ated
with the p&ocedyﬁrfs}qknoqu _ggommL %réet pg%r art, be, (ijn parti%ulgr_, more . .,
economical With atieast the “same efficiency. [0010] This objectis °~ o
athieved bythe prot®as $ravinge fe-features of claim andlse the Water 1<
treatoent: 830 systarohaving the-features ofclaimmd4Preferregnpossible,
which means that hypobromite must be generated in very
nigh concentrations in  order to ensure efficlent

removal thereof.

[0008] The obiect of the present invention is to
provide a technical solution for treating water, in
particular for producing ultrapure water, 1in which
especially the aspect of the targeted breakdown of
nitrogenous organic compounds 1s taken intc account.
The solution according to the invention  should,
compared with the procedures known from the prior art,
be, in particular, more economical with at least the

same efficiency.

[0010] This obiject is achieved by the preccess having
the features of claim 1 and also the water treatment
system having the features of claim 14. Preiferred
embodiments of the process according to the invention
may be found in dependent claims 2 to 13. Preferred
embodiments of the water itreatment system according to

the invention are defined in dependent claims 15 to Z0.
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- embodiments of the process according to the invention may be found in

dependent claims 2 to 13. Preferred embodiments of the water treatment
system according to the invention are defined in dependent claims 15 to
20. The wording of all claims is incorpofated by reference into the content
of this description. [0011] A process according to the invention serves for
treating wateéranddis saitdable irepardicular fon < producingiulisapure fivatence

In the.process. a. water stream. is passed mrgggg@.plurality of treatment

stages in which inorganic and/or organic species which are present in the
water are separated off. [0012] In particular, the process according to the
1008udritiontsarves: for freating watecswhich coatains #iitrégenoais organic o r

cempounds such asurea ag impurities ;[0913):Partigularly,a pracess for
accordipcgito the“_'nhventiqr?lis distig%gjshe ir.-h%;-man aqueous_ 15 e
hyporomite’soltition i€ added {6 the water Strean in at i€ast one of thé = =%~
stigesaThe procasssaccdrdingto thd indentionthetefore differs frofpteent
abeverdescribednprior artin-thatindividual empenents whigheenly sreaeti ch
with one another tg form hypobromite after, mgg%gg_ 20 in the water stream

are r ST Il § 1.
are nopaﬁdgedjto tﬁe water stream which ISptO e treated. Instead, a

solution which already contains hypobromite is added to the water
stfeanz Preferably atheihypobromiteformation tss essentially-already:-fully - he

completed in the,aypobromite. 25 salution. Breferably, immegiately after, : 1

addition of the hypobromite solution, a maximum concentration of
hypobroftite My bédé&rmined MTRB WAL’ stredHE Which“maximidii &%

comgemntratioads no longer exceeded downstream. The hypobromite
solution is preferably 30 added continuously to the water stream.

[0013] Particulariy, a prccess according to  the
invention is distinguished in that an agueocus
hypobromite sclution is added to the water stream in at
least one o©f the stages. The process according te the
invention therefore differs from the above-described
prior art in tThat 1Individual components which oniy
react with one arnother to form hypobromite after mixing
in the water stream are not added to the water stream
which 1s to be treated. Instead, a solution which
already contains hypobromite 1is added to the water
stream. Preferably, the  hypobromite Tormation is
essentlially already fully completed in tThe hypobromite
golution. Preferably, immediately after addition of the
hvpobromite  solution, a maximum concentration of
hypebromite may be determined in the water strean,
which maximum concentration 1is no longer exceeded
downstream. The hypobromite solution 1s preferably

added continuously to the water stream.

[0014] Surprisingly, it has been proved that by
introducing this measure, the stoichiomstric ratio of

chemicals used tco nitrogenous organic compounds to be
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[0014] Surprisingly, it has been proved that by introducing this measure,
the stoichiometric ratio of chemicals used to nitrogenous organic
compounds to be - 6 degraded can be markedly reduced compared with
the processes known from the prior art¢ with at least the same efficiency
with regard to the breakdown of nitrogenous organic compounds in the
watenrstteain. This 5ivaay beatisibUtable 4ol thesfact thatia theicase ofi  The

sepatate addition of jndiidyal components, far,example sodium bromide y, .
and ozone or sodium hydrochlorite, according to Rydzewski at al. or

ateBfdingto IB GYH94585 relpectiveRy: the refction Yor gérnerating1s  °Ff
the hypalsromite progeedsincayreatlydetardedoimanner: €or, fitpadioulaihis

aklow pH, also-progeeds very sicompletely), singe the individual case of
com Egl:»nepts are E%qsept glﬁgrgzgtddlj\y_‘tlgg A0 thceowatenr estregtm. lg po'g]X le
cases the formation of hypobromite. the concentration 15 6f wiiich i Stil”

z&fslimfediatel after theladditiohd of thedindivitiRial esmpbreltgchlorite,
precesdsicagrespandingly: stowdy: and isgompletely. Agcordingdathigng  to
p ssd ibed, i ast, a hypobromite_solution ichis. .

e caiaiol Acile i achod 0 (he iatei 20 STeam-(G015] I e aoiexi ™2
of tHe &gﬁﬂ%ﬁﬁéﬁtioﬁ%?ﬁ/ﬁ%rome 30IGHGis'tS betakerr - megiie
génerally ian agaeous sokution avhich cemprises OBrsons andtos=HOBrvery

In the present.case, corespandingly, the 2%:expression "hypobromiteris , ...

taken to mean HOBr and/or_ OB, ions. [0016] Preferably, according to the

ifVERTiGH “the "hypobromite SEIutiGh isprodiced by féactir of Bronitle PO h
ionssfeom at leastionaninoiganicbromige withrat least 80 ©ne oxidizingation
agentyyhich is abletojoxidizesthe immediately after the addition
of the individual components, proceeds correspondingly
slowly and incompletely. According to the present
process described, in contrast, a hypobromite solution
which 1is immediately active 1is added to the water

stream.

[0015] In the context of the present application a
hypobromite soluticon is to be taken to mean generally
an agueous solution which comprises OBr ions and/or
HOBr. In the present case, correspondingly, the
expression "hypcbromite" is taken to mean HOBr and/or

QOBr™ ilons.

[00Lle] Preferably, according to the inveniion, the
hypobromite solution is produced by reaction cof bromide
ions from at least one inorganic bromide with at least
one oxildizing agent which is able to oxidize the
bromide 1lons. The reaction with the at least one
oxidizing agent proceeds preferably i1n water. The
incorganic bromide used can in principle bhe all
incrganic bromine compounds which dissolve in water

with the formation of bromide ions, that 1s to say, for
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bromide ions. The reaction with the at leas.. one oxidizing agent proceeds
preferably in water. The inorganic bromide used can in principle be all
inorganic bromine compounds which dissolve in water 35 with the

formation of bromide ions, that is to 3ay, for 7 example, also hydrogen
bromide. Preferably, the at least one inorganic bromide is at least one
saltaypée shromidedn particulgrat leastooneialkali Fretak bagmide andler at

alkaline egrth metal-bromide. JTheathleast ope alkali meta)hromide: .« ype
nd/or alkaline earth metal bromide is sodium bromide in pairECl‘iIgrly fal
eféfre eémb&é}me%?é{tﬁh%uéiﬁéastaoﬁe O“X%%i}]g a%%%t i§ preai‘er“abl)Ea g
Hypothlotite ebmpound: irk paftictlar: sodium hypechlorterTieslattef s  at
prefegred,dnd 0 pasticutar,»adsa.for teaspns of costs, since itis reladively 1
cheap compared.with ozone, for example, [0017] Preferably, the . .,
h@%ggfomit%rs%zflult\%{)en is "‘"p‘T"oduSégg%lléﬁ}ar é)s]ggéﬁslsé_eble i%nnmelo%atjéeﬁf&}”o?e%g .
the Sacftici tothe Yrate £ 5fréam T TRis i expetientCitfl S pafictfaps agent
because dypohramite afromy the-ehemicat aspectdsnel vety stablecihcular

6‘988%%50'@%%Ez??&ﬂ%%/.rapiﬁh’edisﬂf%réiP”at%O bromide.and;
bromate. [0018] As alreadg%(iescnbed at the outset, by means of the

hypobromhite‘added 16 the witer SFESMT RitrdendUs 26 organit Fputities™
which arevpresentindthe water are’ at lgdst oepart oxitdizeckaradipar: readily
be removed from the water stream subsequently. In particular, urea may
be reacted readily with hypobromite. In this case, inter site, molecular ;
nﬁposgiilanop Al5ocarbon dioxide' 5 are 39’8%& %Jrghemay%%*r%%%o%d e
relathvaly edadily ast gasess(see foraful® 1) J00E9IGOMM2)2+ 3 0B N2he
+4002 #:3Br +2 H2Q(Farmula 1) {0020}:Thehramide ions fermedindhe in
reaction ¢ ) . .- N .
bartlcular, because hypobromite, from the chemical
aspect, is not very stable. In agueocus golution it can

very rapidly disproportionate to bromilde and bromate.

[0018] As already described at the outset, by means of
the hypobromite added to the water stream, nitrogenous
organic impurities which are present 1n the water are
at least 1in part oxidized and can readily be removed
from the water stream subssquently. In particular, ures
may be reacted readily with hypobromite. In this case,
inter alia, molecular nitrogen and also carbon dioxide
are formed which may be removed relatively readily as

gases (see formula 1):
[0019] CO(NHz)> + 3 OBr” — Ny + CO, + 3 Br + 72 H:O {Formula I)

[0020] The bromide i1ons formed in the yeaction can
(opticonally together with further ions introduced into
the water stream in combination with the hypobromite
Lreatment such as, €.¢., excess bromide ions from the

inorganic bromide used or chloride ions from

-
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(optionally together with further ions introduced into 30 the water stream in
combination with the hypobromite treatment such as, e.g., excess

bromide ions from the inorganic bromide used or chloride ions from 8
hypochlorite used) likewise readily be rénfoved in subsequent treatment
stages. [0021] The aqueous hypobromite solution is preferably produced
imapeactiornvdssel suitable farithew5 generation of hypolromiter(theed  in

reagtionvessel wilkhe gensideredjnmore detail hereinafter) before its
addition to the water stream. Water, for example, from a separate water

reservoir can be fed into the reaction vessel, to which water the at least
oheORblganid 0 Brontde and e atleast-enesoxdizingragent aresddedtly
Theahleast onednorganickromicde and/ee the-at least 1 ene 0xidizing-agepte
can, for example, be added frgm, separaled storage yessels. inwhich fhe .
rgactants are presentas agueous solutions. A(%:ltlon as sohd? Is also ,
cORESIVABIESA eadh cad€fi thé'Base of thesoxidiZiig “&gent, 6ftionatly 1=
alsiids agas c[0022)dnparticulathyrpreferredermabodirmhents:ofthe 1 procéssm
accarging to.the jnvention, hawever, the, aqueoys hypohromite sojution, ; .,

which is_added to the 20 water stream to be treated is a

biGmielion-dShtaifing’ tartiér-§tfeamt6 whith thé af feast Bhe oxidizhg™* <
agentisaeldeddhefore itis fed #wo the waterisireanm avhickistoshe added.

treated, The addition,of the.exidizing: agentAreceedsas in thgabove | east

process variant 25 preferably in or upstream of a re?ction_vesselwsuitablg

for the géneration 8f hypoBromite. in which réaction Vésselthe bromide =™

ioTREHieh Sfle PreSEAtia thes tafriet strdanyareCat |east partialif-oxidizecere

tg; hypehronaite. squecus solutions. Addition as solid is also
concelivable in each case, in the case of the cxidizing

agent, opticnally alilsc as a gas.

[06022] In particularly preferred embcdiments of the
process  according to  the invention, however, the
agueous hypobromite solution which 1s added to the
water stream to be treated is a bromide~ion-containing
carrier strsam to which the at least one oxidizing
agent 1s added before it is fed into the water streanm
which 1s to be treated. The additicn of the oxidizing
agent proceeds as  in  the above process variant
preferably in or upstream of a reaction vessel suitable
for the generation of nvpobromite, in which reaction
vessel the bromide il1ons which are present 1n the
carrier stream ars at least partially oxidized to

hypobromite.

[0023] The carrier stream 1s preferably fed at least
in part, in particular completely, £from at least one
treatment stage which is connected downstream of the at
least one stage in which the hypcbromite solution is

added to the water stream.
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30 [0023] The carrier stream ts preferably fed at least in part, in particular
completely, from at least one treatment stage which is connected
downstream of the at least one stage in which the hypobromite solution is
added to the water stream. 9 [0024]P&rticularly preferably, the carrier
stream is fed from at least one of the abovementioned downstream
trEedgnt stages iewhichlthe jorstwhichlare intfoguced: intetheswatern is

streamdn combinafion with the 5 hypphromite treatment e Femeved « -ean
aﬁgain.frefe;ab%, this stage is at least one reversg _osLnosistta e.J0822] a
Iy BGEVRTSpmENtIEE Dreferréd thit the® carrieP stfarls Fddwith == CHc®
retentate from thevateast crierverseiosmosisstage 1a the retdritate, the
thelonsAQwhich are-beingremaved are-geneentrated; including-ina the, 1,
present case, | inipartj\gule}ré a?ls§0 k%rlg)mige\;onss.J n (}hiso%rjqbo%gnaené[,
correspondingly; Bromide ions need not obligatorily be added Separately

to the carrier stream. Instead, it already has a fraction of bromide ions 15
wiochmptiorally enly need 1@ besupplemented by-adding :the atieast onehe

inorgani bromide, The lotal, gonsymption.of the at least one jnorganic . , ;-

bromide can be kept correspondingly very low which can have a very
behEficil EffetEorP e stohomic 8fficienty ofthe Zd-Hrotass acdordi.ng®"®
torthecinventionb[0026] Insfurther preferrecbembaodimentsl of theqorodessy in
acecqrdingdothe _pyention; the carrier-stream can alsopbefediwith s 1n
retentate from the at least one reverse, 0SMOSis stage, which retentate N
Wals treataty it af Bhion 25 exchanger iohted with B2 ions’ i the hioh “°*
exthanyer o forlexample ¢hfotidedons whichvareprésent 4 thel ¢atentateamn .
can bedemoved-and replaged by-hromiderions: This is-expedignt der :ons
eé@?@ﬁhgggfgﬁgf?gﬂgﬂgy need to be supplemented by adding
the at least one inorganic Dbromide. The fotal
consumption of the at least one inorganic bromide can
be kept correspondingly very low which can have a very
beneficial effect on the ecconomilic efficiency of the

process according to the invention.

[0026] In further preferred embodiments of the process
according to the invention, the carrier stream can also
be fed with retentate from the at least one reverse
osmosis stage, which retentate was tTreated in an anion
exchanger loaded with Br® lons. In the anion exchanger,
for example chloride ions which are present 1in the
retentats can be removed and replaced by bromide icns.
This 18 expedient, for example, when the oxidizing

agent used 18 a hypochlorite.

[0027] According to the invention it is particularly
preferred that the water stream, after the addition of
the hypobromite scluticn, has a pH > 8, preferably
between & and 11, in particulaer between 8.5 and 2.5. It

has been established that the breakdown of nitrcgen
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agent used is a hypochlorite. 30 [0027] According to the invention it is
particularly preferred that the water stream, after the addition of the
hypobromite solution, has a pH > 8, preferably between 8 and 11, in
particular between 8.5 and 9.5. It has beéen established that the

breakdown of nitrogen 10 compounds which are present in the water
streappprdeeedsiparticularheefficienathy intsaid. ranges £Thevpteof the tream
water-stream js-preferably,cantralied exclusively by the,additionofa . Tre

correquﬁndin amount 5 of hypobromite solution. Of course, itisalso
p%}ésib%, howe ver, f%)a\%mry th Bﬁer?ymtard*eied gdcﬁﬁgr%a&h\éditi%ﬂgF“Ol‘@Q
hydroxide selutiorPor acid: [0028] Before tHe addition 'of i hypolsromteunt
sqlution, thewvaigr steeam generadly preferably has.an: 10 essentially 2150

neutral. pH or an alkaline pH, depending.on which workup stage it has. . .
pssed Hogh before te additon-[0076] Fhe oH of he hypobromite "
selutibAMSEH 98 Geneyal i a télatively horcdtitieal fagtor. It is 15 preferably
in the alkaline range, in particular in t_he range between 11.5 and 13, but

otfiegquiations are also conceiyaple, far.example in {‘Pu%eve%%%lé%%‘?{ite

hydrogen bromide as the at least one inorganic bromide compound.
(G536 Preferadiy:thé iy fobromite SbIEoRTS added o e waterstream 2
irea vetumettit yaticehetweenidH1® ranerl: 30000] preferably ketween 1nt00on
apd {1:10000..ip,,particular.between 1:300.and 13000 [0031] R £ore  the
production of the hypobromite solution, the 25 at least one oxidiz-ling
a@gﬁﬁié%ﬁ&ed and reacted with the bromide ions from the at least one
inorganic _

[002%] The pH of the hypobromite solution itself

=

is
generally a relatively non-critical factor. It 1is
preferably in the alkaline range, in particular in the
range between 11.5 and 13, but other deviations are
also conceivable, for example in the event of use of
hydrogen bromide as the at least one inorganic bromide

compound.

[0030] Preferably, the hypobromite solution is added
to the water stream in a volumetric ratio between 1:10
and 1:30000, preferably between 1:100 and 1:10000, in

particuiar between 1:300 and 1:3000.

[0031] For production of the hypobreomite solution, the
at least one oxidizing agent 1s mixed and reacted with
the bromide icons from the at least one inorganic
bromide preferably in a stoilchiometric ratio between
0.1 and 16, in particular batween 0.5 and 2,
particularly preferably between 0.8 and 1.5. These
ranges are preferred, in particular, when the inorganic
bromide used is an alkali metal bromide, in particular
sodium bromide, and the oxidizing agent used is a

hypochlorite, in particular sodium hypochlorit
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bromide preferably in a stoichiometric ratio between 0.1 and 10, in
particular between 0.5 and 2, particularly preferably between 0.8 and 1.5.
These 30 ranges are preferred, in particular, when the inorganic bromide
used is an alkali metal bromide, in parfidular sodium bromide, and the
oxidizing agent used is a hypochlorite, in particular sodium hypo-chlorite.

- [0qB8RB2] Inprinciples attémptsare snade:to generatela hypolyomitezte =

splution haying.a fraction of w haﬂiéﬁf%%@e%"fr%erg@m@ﬁ" aghighasc s

possible. "Free bromine” in the present case should be taken to mean,5
& Bctint of bisming Sinbarficulafin thé toth of HOBY &Hd/Gr OBr-, © * ©°
whichncan be determmed by wehat iscealtedhe DRD fpethod see belov)ean

"@Y@ng&%% Sh&ﬂ'%%ﬂﬁ'&%‘,to @Hsuﬁ%m%&hﬁ goncentration offree, of
bﬁgg;lne in éhf solté;[l:())rndoew not.exceed a value of 10 AO%I. @033 1ﬁFor

pro 5 of the hypobfomi elé%]uti%%nus;fr?g & ﬁ&&&éﬁ%@r. & as oxi izilah%; S

¥ ..
uction o
agent e teoncBRFatish-6Ffee! ERIBriRE [Similarly ' thecaboves defirfifien  d
of éfree Hremine''c"free ehlesinet imthe 15 present €ase sheuldbe takenrttose
mean the amount cﬁ chlg(gig_] kiporl)qarti&gl inﬁg%fogggéygcglar\gﬁr £
Obéf-l?l\}vlﬁich can 1»beedetermlgn“ed by the %ovementioned DID metho ein °
tHe nfixttire of oxidizing agent and the at least one inorganic bromide is

set preferably to a 20 value between 0.12 g/1 and 120 g/l, in particular

gﬁé‘ﬁgﬂ‘ 0.3:g/Land, 30 gil,. pagticulatly prefgrably, hetween 1.9/l and, 15 | o,

. Generally the amount of free chlorine correlates directly to the amount

of8d88d hypochibfite 25 f0034F The BID methodié Kndwn %fiose  the
skifledentthetartnAccording to thishmethod, for determinationcof thee above

definition of "Yfree bromine", "free chlorine® in the
present case should be taken to mean the amount of
chlorine, in particular in the form of HOC1 and/or OCLT,
which can be determined by the abovementioned DPD
method) in the mixture of oxidizing agent and the at
least one idnorganic bromide is set preferably to a
value between 0.12 g/l and 120 g/l, in ©particular
between 0.3 g/1 and 30 g/1, particularly preferably
between 1 g/1 and 15 g/l. Generaily the amount of free
chiorine correlates directly to the amount of added

hypochlorite.

[0034] The DPD method is known to those skilled in the
art. According tc this method, for determination of the
concentration of free chlorine or =free bromine In a
solution, the free bromine and the free chlorine are
reacted with DPD (N,N-diethyl-1,4-phenylenediamine).
The cconcentration of the resultant compound can be
determined photometrically, for example using a "Swan
Chematest 20s" type photometer from Swan Analytische
Instrumente AG, S3witzerland. The free chlorine can be
masked chemically before the addition of DPD and so the

DPD added only reacts with tThe {unmasked) free bromine.
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concentration of free chlorine or free bromine in a solution, the free

bromine and the free chlorine are reacted with DID
(N,N-diethyl-1,4-phenylenediamine). 30 The concentration of the resultant
compound can be determined photometrically, for example using a "Swan
Chematest 20s" type photometer from Swan Analytische Instrumente AG,
Sivitzertand: Sherfree chloring cdivbe maskedrchemigally beforetherninead

aqdition.of DPD and s the 35.DID,added only. reacts.with the (unmasked),

free bromine. - 12 The concentration of free bromine can be determined

difeefiy ih-this mahnervhile tHe Geteringfion'6f thé Concetiiratidh Offree”Y
chiorinrecssarive hradesby. subséquernt formatioreofthe difference. 5 [0035]
Preferably, in the hypobromite production the at least one oxidizing agent

i d ta.act.on the, bromide ions from the at least one inqrganic
ol o GetbA ) And 5000 SEcopds. G oreTatl bERELH b nd -7
600 seéaiids, i parfiedidr Bétweeh A20ants10:3000s6conts, in partiedlaihe
intherdbryementionethreactien vessel syitable for thengengeration ofromide
hypabramite, After,this,tie bas expired, generally.an, equiibrium. , .o, 49
between the reactants and resultant hypobromite has form d, and the

h§pobrorfité fERvRIoH® 15 isitherefofd essentiafly corfplBes [0036n thgc
watér steeamatself, itis intended iacdording tanthe inventiontokeeprtheéoned

copcentratipn of, freebroming,in principle aslow ag possiple, However, ¢
for kinetic reasons, the establishment of a 20 sufficiently high hypobromite

c%P{Eé%ﬁFa%hLi@ “nétes8ary - Thé réqulifed tdncenitratibh Values b cotlse -
depend not least onkthewensentration of the:nitrogen compoundsdstheant

wates siream which-are -be removed: Generally,jtis-preferredsBy-mation
n%?ngﬁggg%gggnggégntially completed.
[0036] In the water stream itself, it 1s intended
according to the invention to keep the concentration of
free bromine in principle as low as possible. However,
for kinetic reasons, The establishment of a
sufficiently high hypcbromite concentration is
necessary. The reguired concentration values of courss
depend not least on the concentration of the nitrogen
compounds in tThe water stream which are to be removed.
Generally, 1t is preferred, by means of the addition of
the hypebromite sclution; to establish a concentration
of free bromine in the water stream of not greater than
10 mg/l, preferably betweern 1 mg/l and 10 mg/l, in
particular Dbetween 2 mg/l and 5 mg/l. At  these
concentrations the reaction proceeds accerding to
formula (I) generally rapidly enocugh. In addition, at
these concentrations, material prokblems as a
conseguence of the oxidative potential of tThe bromine

compounds are generally not expscied.
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25 the hypobromite solution, to establish a concentration of free bromine

in the water stream of not greater than 1.0 mg/l, preferably between 1

mg/l and 10 mg/1, in particular between 2 mg/1 and 5 mg/1. At these
concentrations the reaction proceeds dccording to 30 formula (I) generally
rapidly enough. In addition, at these concentrations, material problems as
a[eoB3equence i thée Dxidative potential ofthe bromines eampaunds.arecn ,

generally.nat expected. - 13 .[Q037] Prgferably, aceording to thepresent . ; -
Invention, the st0|ch|ometr|c_,rat|o of free bromine E_O organic nltroggn

COMPOURAE intHEWAEF Streamh is St 104 Value Gréatel thart 2:Fahd feSs *
than.56: 1 gpreférably Slsetwéen 2:4rahd120:E, it partichlar betweeatably
apd+1Qdy partioulagly preferably between 5:1 and 10:13 cAnefficient; ang

removal of organic nitragen compounds at such a low_concentration of
frérg 't;{r()m%ae‘is*n% ﬁ%% th'* r;%lfrr%?ﬁi%e%p%%o‘?%?ﬁ 10 [0038] réﬁgr‘a”my,An

aTédii6ihg Hgehescatidedodfte? B0 fifecof alcliv A 36 the Warsr Steanfwhigh=h
was admixed nwith the hypebromitesedution,rwhich4eduging agentiswn  to

aggtj}n @%r%ﬁu , toprgggge Qypobromite ions and hypochlorite ions. The
addition of the redeucmg agent 15 is intended, in particular, to reduce

excess hypobromite and hypochlorite to bromide ions and chloride ions.
Thesesjo nat anydor@genhave a cotrosivecactionrin patti. calardtowarttser =z

polymerig materials, and canreadily;he removed in downsiream., ;i zeq

treatment stages. 20 [0039] The time of action mentioned is the time in |
which thé B poBforiiteAddedl ©he watér stéantis afféitéd fact Gnithe -
oFgahic nitiager eompounds which aredontained/imctheawateestreans  and
Preferably,dhe fime: gf.actionyis betweenilminyte and.1 hoUruiing  agent
particular : o
1s 1ntended, in particular, to reduce exCess
hypobromite and hypochlorite to Dbromide ions and
chloride icns. These do not any longer have a corrosive
action, in particular towards polymeric materials, and

cli ..;_.L FRS s ] R L xr H ‘ m’:. N
can readily be removed in downsitream treatment stages

[003%] The time of action mentioned 1is the time in
which the hypobromite added to the water stream is
allowed to act on the organic nitrogen compounds which
are containsd in the water stream. Preferably, the time
of action is between 1 minute and 1 hour, in particular
between 2 minutes and 30 minutes, particularly

preferably between 10 minutes and 20 minutes.

[0040] The reducing agent, in particularly preferred
embodiments, 1s hydrogen peroxide. Hydrogen peroxide is
particularly suitable since, as a nonionic compound, it
can react to complietion with  Thypobromite or with
hypochleorite 1n & virtually "residue-free" manner.
Opticnally, excess hydrogen peroxide can be removed
without problems in a subseguent stage, Tfor example by

means of UV irradiation.
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25 between 2 minutes and 30 minutes, particularly preferably between 10
minutes and 20 minutes. [0040] The reducing agent, in particularly

preferred embodiments, is hydrogen peroxide. Hydrogen peroxide is
particularly suitable since, as a nonionieicompound, it 30 can react to
completion with hypobromite or with hypochlorite in a virtually
"rexidag-fre@lmannet. 1 @ptignallyy excessthydiadery peroxidercantheirogen

r?’é‘%%@ Juithout,problemsin a subsgauent stags, for-example, by ymeans,, -
of UV irradiation. 14 [0041] Alternatively, or addltlonallj)é%tég, the hydrogen,

peroXite, For examplé Peducifig sulfdr compotifds, for Bkampletio S°%+um
sulfates or e particulartalso sotium bistifatés (Na282605), can alsebevater

agdded i@ the:watey,; 5 streamyas reducing agent. [0042] A not unimportant
aspect of the process according to the invention is the positioning of the
hypobromite treatment stage within the overall process of water

trERfdeht. Preferably, a process dctording et the irentiori:€omprisegess
apretreatment sectionea makentp sectiop and a pplishing section ast  the

E@g@ aiready been descrbed atthe gutset, Withinpis chain, the agueous, .

bromite solution’is added to the'water stream which” Is to be tréated

preferabiyFat the &hd st ihe 15 pretreatment sectibn of af thestart of the?  ©©
make-uprsectionrPreferablys apstream of theaddition o thel dyypolromites -
solytion, there are arranged as fregiment stages atleast.one {ilraliqn of ce )
the water stream using a multimedia filter (in particular for separating 20
off fOCEUtAtEd itipurities) Andior at l‘%%f“dﬁ% filtration bt the waltér stréant™s
usingarn-activateds caviorrfilterangfort |¢ast bhe treatmentinrarionwhich
exchanger apd/or at-leastgne feverse-@smosis stagéihe end of the
pretreatment section or at the start of the make-up
section. Preferably, upstream of the addition of the
hypobromite solutiocon, there are arranged as treatment
stages at least one filtration of the water stream
using a multimedia filter (in particular for separating
off flocculated impurities) and/ocr at least one
filtration of the water stream using an activated
carbon filter and/or at least one ITreatment in an ion
exchanger and/or at least one reverse osmesis stage,
all these stages, 1in particular, being within the
pretreatment section. Downstream of the additicon of the
hypobromite sclution {and also, preferably, alsc of the
addition of the at least one reducing agent), there are
arranged preferably at least one reverss osmosis stags
{as already mentioned above) and/or at least one
degassing treatment and/or at least one UV freatment
and/or at least one treatment in an ion exchanger (in
particular in a mixed-bed ion exchanger) and/or at
least one ultrafiltration. Such a positioning ensures
that, at the time point of the addition o©f the
hypcobromite scolution, the water stream which is to be

treated 1s already freed from a substantial part of the
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all these stages, in particular, being within the 25 pretreatment section.
Downstream of the addition of the h.ypobromite solution (and also,
preferably, also of the addition of the at least one reducing agent), there
are arranged preferably at least one reverse osmosis stage (as already
mentioned above) and/or at least one 30 degassing treatment and/or at
leastonetU¥ dreatmeint ardfor atleastene treatrremntirtan iomiexchasgerhe

(ingparicylas in:amixeq-bed ion.exchanger)-andior at Least o€ 1 « rogan
ultrafiltration. Such a\positionincg ensures that, at the time point of the b
e B e 35 hypobrdrite SHNToH. He witer stigar WHich 15 Be =P
tleratetbiscalidarly frged froirasaldstantiabpartofithelts impurities whith by
were eriginally-presentthis-hasitbe: advantage thatthedeactign ofdhe the
organie pittogen gompounds whih ate. contaiped.in the water with e,
y%obromlte can proceed substantially unimpaired by 5 farther ionic and
nonionic constituents, and so the hypobromite concentration can be kept
rglagigeilow.z[00431 Axwater eatment system agcordingtodhecinventionthe

Senesy In;particular, for cagry i”%e?;&‘% the, abpve-described pracess. b, .y,

comprises one or more means 10 for separating off inorganic and/or
ofguhic species rom dWatdt Stream: Paricufarfy 3 water freaffierit means
system aegerdingitocthecifventiom iszdistinguished by atleastione deviceies
far.generating, hypobramite, solution, which is copnected tothe Wales v non +
stream via at least ane 15 hypobromite feed line. [0044] The device for
gensratifig AYSSHoMIte sofution “comprieal préferably &t feast onesed 2y
reactiorvesselnsuitiie for generatingeyobramite anblforrat leastoaet 1on
stprage. vessel forratdeast one ingeganic-bromide 28-ang/or atdeast 98 one

sieyage yessel foratigagtone

[0044] The device for generating hypobromite solution
comprises preferably at  least one reaction vessel
suitable for generating hypobromite and/or at least one
storage vessel £for at least one incorganic Dbromide
and/or at least one storage vessel for at least one
oxidizing agent, which has the property to oxidize the
at least one inorganic bromide. The storage vessels are
connected o the reaction vessel via one or more feed
lines. As regards preferred embodiments of the at least
one 1norganic bromide and the at least one oxidizing
agent, reference can be made to The corresponding
details above., Preferably, The at least one inorganic
bromide and the at l=zast one oxidizing agent are
present in the storage vessels in the form <f their
agqueocus sclutions. The at least one reaction vessel
preferably comprises means for mixing these agueous

solutions.

[0045] The ozidaticn of the at least one dinorganic

bromide to hypcbromite proceeds in the =zt least one
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oxidizing agent, which has the property to oxidize the at least one

inorganic bromide. The storage vessels are connected to the reaction
vessel via one or more feed lines. As regards preferred embodiments of
the at least 25 one inorganic bromide afd the at least_ one oxidizing

agent, reference can be made to the corresponding details above.
Rreterablynthe«t feast oné morgamicidoromideiara thé atheastioméure of

oxidizing agent.are, present in thesstoragevesselsdn the form ofdheir 30 5
aqueous solutions. The at lea, l@one react 061 vessel preferably comprises
e Mh¥ing He4 atiuecds Sofitions: FI04ST THE txidation ofthe 577
|etest omedinerganic. bromide to hypobromite proceeds in the at least one

16 reaction vessel. The residence time of the mixture of inorganic

b jde and,oxidizing agent in the reactor is_preferably between 30 and.
3@)%%%300%5,%%&%& défined above. s ﬁ) %?gre é/rSaE)Fyr?aaWa e Y
treatmént sysfent Becordingr o thesiRverition Tofiprises afleastsfe vessel
staragesvessek far atleast:oneureduging agent, iniparticular fana areddeing =

aQSBE"cV‘ﬂl%" 'S, gpleto reduge hypobromite and. lypachloute, jn thys case, 4

the at least one storz?e 10 vessel for the reducing agent is"connected to
tRE Water stréd preférably via at fedst nefrediicing Fyeht 188 liné ©r29¢
dowmnstréamcof théat least.one hypobromitesfeed nline: With tegartito water

preferred embodiments.of {he at, jeagk.one reeswgm,g@ag%wgew@m feed
reference can be 15 made to corresponding details above. 00471 ‘

Pattitulany prefef by, a at(gﬁ?ea?rhenie%%sfen? Ecobdifg 1o the - teed
invention EGrhprisesant Oxidation redctor whickidatanged dovwristréam &t
of the: hypobromite feed line andiisiarrangedypsireameafdiernce can be

made to corresponding details above.

[0047] Particularly preferably, a water treatment
system according to The invention comprises an
oxldation reactor which is arranged downstream of the
hypobromite feed line and 1s arranged upstream of the
reducing agent feed line. In the oxidation reactor, the
reaction of the abovementioned nitrogencus organic
compounds  with the hypobromite added to the water
stream essentially proceeds. The hypckromite is allowed
to act on the nitrogen compounds in the oxidation
reactor over the above-defined time of action. The at
least one oxidation reactor can comprise means for
mixing the water stream in order to ensure efficient

degradation cof the nitrogen compounds.

[0048] Preferably, a system according to the invention
comprises, as means for separating off inorganic and/or
crganic species from the water stream, at least one
filtration unit and/or at least one ion-exchange unilt
and/or at least one reverse osmosis unit which 13 or

are arranged upstream of the hypobromite feed line.
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20 reducing agent feed line. In the oxidation reactor, the reaction of the
abovementioned nitrogenous organic compounds with the hypobromite
added to the water stream essentially proceeds. The hypobromite is
allowed to act on the nitrogen compounds-in the oxidation 25 reactor over
the above-defined time of action. The at least one oxidation reactor can
cOMIgdde means fard mixing the watet streameifsorderito ensure efficiepttem

degradation of the nitrogen compounds. [00483] Prefetably.a system s ¢q»

according[to the inyention 30 comprises, as means for separating off
iNGHGANTE antior “Organt’&§pédas from the RaterStPéam Cat fddstorg  T7o™
filtretionv ahit and/oratisast ehe ibasexchanyge umit vadier abastope unit

reverse osmosisdinitwhich isery atesaianged upstreamof the 1eczst one

hggo%romige feed line. - 17 [89497 In addition, it isépreferred thfat a .
reaum%PL unit .and/or at least’ on 1OP_QXC13%%E u%~t
systerii according to the invention comprises, as means for ‘separating off

iforganie ard/or-Gryanic Species-frem’ the-waterStrearni it |édst@ne 15 or
revesse osmosisiupibhandierat leastone degassinginicad/or af least
one UV treatment unit and/or at least one ion-exchange unit and/or at
least one ultrafiltration unit which is or are arranged downstream of the

hiRBBTemite feed fifie. OBSETN the Present'case lin particufar Mutdamr:
16ifilters-and activated=carbonditers atecusedas: fikration ainids. Thesat as

least ong iopzexchange unit;can comprise.not oly cation apdanion. ;¢

exchangers, but also mixed-bed ion exchangers. [0051] Particularly i
préferabR i water traatment Y15 ystém dtcording to th& Twettion™ =+ ©ut
comprises at tedst conecteverse16smesis unit which is arranged

downstream of the at least one reducing agent feed line and which is

copRgqigd (e the atlegstqne devicefor geperating - ver  treatment
system according tco the invention comprises at least
one reverse osmosis unit which 1s arranged downstream
of the at least one reducing agent feed line and which
is connected to the at least one device for gensrating
hypobromite scluticon via a return line. Preferably
bromide-containing retentate as carrier stream can be
transferred from the at least one reverse osmesis unit
to the at least one reaction vessel suitable for
generating hypobromite via the return line. By
introducing oxidizing agent into the zreaction vessel,
the bromide in the carrier stream can be oxidized. The
hypobromite-containing carrier stresam thus obtained can
subsequently be added to the water stream which 1s to

be treated.

[0052] A filtration unit, in particular in the form of
a cartridge filter, can be connected upstream of the at
least one reverse osmesis unit which 1s arranged
downstream of +the at least one reducing agent feed
line, in which filtration unit excess reducing agent

and/or chlorine and/or bromine can be decomposed. AsS
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hypobromite solution via a return line. Preferably 20 bromide-containing
retentate as carrier stream can be transferred from the at least one

reverse osmosis unit to the at least one reaction vessel suitable for
generating hypobromite via the return fiie By introducing oxidizing agent
into the reaction vessel, 25 the bromide in the carrier stream can be
oxidized. The hypaliromitescontainingecarriersteeamdhusobtainettcan 1is
subsequently be added to the water stream which is to be treated. [0052]

A filtration unit, in particular in the form of 30 a cartridge filter, can be
connected upstream of the at least one reverse osmosis unit which is
alithged dewnstréamicfthe at ldast one rethicing agéntfeed lindsn the

which filtratign upitexegss reducingagent vand/erehlorine.ard/os bromineon
can be decomposed, As - 18 such, in particular an ﬁacti\sl’at%%gargggﬁji_ler’: a

is “Stitable; [00% ]]I% addition, it can be preferred that the system .“i’“ ; “
atE6rding tBtheé irfventicilcoftisé$ dRibRe5 exchahger Which isleadéd S
with-Bi dens forpurfying:thesetentate fromitbe severse osmosisiunit agent

which;is | arranged downsiream.of e at least gne redueing agent feed.,, .

line. The anion exchanger Is expediently arranged between the reverse
OSfioREINItaTd the Yt feifst BRELD deviceor getibratg hypobrdfiite ©7¢
saolutionzUpstreararof rtheidl ntrgduteion of thescarrérn strearmiistothem of

reagtion viesselyhich is,suitable for,generating Jyypobromig, the gargier « ¢
stream can be treated by means of the anion gx%hanger loaded with Br-,
ioTed ahd €D, fof 15 Ekample: ‘G ions and/or DM iohs which m&y Be~ "9
cotadiehin the carfier streamare séplassd by Brhions. 0854 Othermeans
features-ofthe inventiondesyitfromathed witn Br™ ions, and so, for

example, Cl  dons and/cr OH ions which may be contained

in the carrier stream are replaced by Br ilons.

[0054] ther features of the invention ressult from the
description hereinafter of preferred embodiments in
combination with the subclaims. In  this case the
individual features can be implemented 1in each case
separately or as a plurality in combination with one
another in  an embodiment of the invention. The
particular embodimants described serve only for
illustration and for  better wunderstanding of the

invention and are in no way to be taken as restricting.
[00535] In the drawings:

[0056] Fig. 1: shows & flowchart of a standard process
for ultrapure water production by the current prior art

{process variant having double-stage reverse osmosis).

[0057] Fig. 2: shows a flowchart of a process ssction
of an embodiment of a process according to the

invention for producing ultrapure water.
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description hereinafter of preferred embodiments in combination with the
subcl.aims. In this case the 20 individual features can be implemented in
each case separately or as a plurality in combination with one another an
embodiment of the invention. The parti€ular embodiments described
serve only for illustration and for better understanding of the 25 invention
ahRicér@lin Nolway to:bestaken as réstristing rf0055] In therdrawingssect ion
[0056] Fig. 1 shewsna-tiowchart of a standardrocess-forultrapure water
productié)n tg}lt e current prior art (P%OCGSS varianghe%_virlgjdou Ieist%%e :
raverse olscr)nos@.* 36 f&%%c] Eilgoff 27 ShOWS A flowchart of Srlb:baegs section ' ?
af anernbodiftarit of Algroceds a¢eordingrtodhé eriventibhAder produeiigerse
uEapire water k9 [QRS8] Figr3: shows:a flewchar of & processisection:n
of an,embodiment of a process according to the invention for producing
Xchangeay) . . . . .
u?trapure%vater (variant having partial recycling of the retentate from a
reverse 5 osmosis stage and ion exchange via Br--loaded ion
ekoha&ieger) HDG59] Fige Acshows a standard process dar=ultfapurer Watepure
bradution aecerdingo the.cutentpriowat. (e piocesss sybdidded, .

into three ‘sections, that is 10 to say the pretreatment, the make-up and |
the BolShiHG: *fD066] FoFiRe prétfehtrhent thd Water Wiich i bet et +5
treatetkis trarsfered fropttherresetvoir 1R1kwauthe Hiltiatehwater tank 102 -
into the tank for deionized water 103. Between the reservoir 101 and the

fllﬁ)aé%ég water tank 102, it flows through a multimedia filter. 104 and an .

2 0R8E cartion fier 105 Befora IRtrbtuction intd the militmédia fiter ¢

104 &4 Hotcdlent'cairise agded tolthewatérvia thesfeed lipe 101 via the
filtrate water tank 102 into the tank for deionized
water 103. Between the reserveolr 101 and the filtrate

water tank 102, it flows through a multimediz filter

104 and an activated-carbon filter 105. Before
introduction into the multimedia filtexr 104, a
flocculent can be added to the water via the feed line

106, and before introduction into the filtrate water
tank 102, a2 bkiocide via the feed line 107. The cation
exchanger 108 and the anion exchanger 109 are arranged
downstream of the filtrate water tank 102. Downstream
of the tank for deicnized water 103, the water 1is
intreduced intoc a reverse osmoesis  unit 110 for
completion of the pretreatment. Via the feed lines 111,
112 and 113, acid (111) or hydroxide solution (112 and
113) are added as reqguired. Via the outlet line 114,
retentate from the reverse osmosis unit 110 is remcved.
The pretreated water is subsequently transferred to the

water reservolr 115,

[C061] For makeup, the water is passed from the clean
water reserveir 115 into a further raverse osmosis unit
116 {what is shown here 1s & process variant having

cdouble-stage reverse osmosis; in the case of wvariants
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106, and before-introduction into the filtrate water 20 tank 102, a biocide

via the feed line 107. The cation exchanger 108 and the anion exchanger
109 are arranged downstream of the filtrate water tank 102. Downstream

of the tank for deionized water 103, the Water is introduced into a reverse
osmosis unit 110 for 25 completion of the pretreatment. Via the feed lines
114y 112 andrkiB3;-asice@4d 1)erdrydsexidessalation (142 and t1%3) areverse
added @84 ?GHH%Q-M@ the, outlet Jing:Ll4, ﬁ@i%t%@éf%ﬁﬁ%fe@:[% 117,
o§em€s¥stur%|t 110 |s%renr!noved. f'l;hgnpre}'greated water is subsequengly f 116
transferred to the 30 Water resérvoir 115. {0061 For makep, the water is® °
pEssed frofithe Cleahlwatet YesSer¢oiCc IR e a furthier EVersetdsmosis-er
unit 116 (what is shewndese isia progess vatiant having doublenstageunit
rquegse, gsmosisin ihe cass of variants, 20, iaving sipgle-stags reverse; .
osmosis, only the reverse osmosis unit ff(?ls grO\“/ide 1) . Via the outlet

lifé 137, 1 ftentdtelis remiGvettfrony tHe revefse HambsiStinitiBleadded  as
Dowmnsiream ofithe rexerse osmosisumichle, the wates Has dreated in@ the
degassing unit. 118, a Y\¥ greatment unit 119 and in a mixed-bed ion

exchanger 120. Via the feed line 121, acid and/or hydroxide sou" -on is
added as required. The water is subsequently transferred to the water
relsEdeail 122010 [0062p For theipalishiriys theawater issfidallyduitherf urther

transferred.todhe ultrafilttation ypit A25:via the WV, reatmess upit 123 and gy
the mixed-bed ion,gxcgggger %24;. Subse ue_ntI%\?the water cgl}r:1 be fed K 4
its Usé. f0063] I Fig. 274 “shown of an 15" embadiment -

p?@ces§‘s%ctr|rblﬁ{ IS'sho
ofalprechssraccording o thid invention for protlucihgliirapere- water.
From a storage vessel 201, NaOCl1. is fed as oxidizing agent and from a
S%%@%%] in Fig. 2, & process section 1g shown <f an
embodiment of a process according to the invention for
producing ultrapure water. From a storage vessel 201,
NaOCl is fed as oxidizing agent and from a storage
vessel 202, NaBr is fed to a carrier stream 203 fed
from a reservolir which is not shown, which in turn is
passed into & reaction vessel 204 suiltable for
generating hypobromite. The outflow of the reaction
vessel 204 1s connected via a hypcbromite feed line 205
to the water stream 206 which is to be (reated and
which exits Zfrom the ion exchanger 208. The water
stream 1s &already substantially deionized and freed
from natural organic compounds such as humic, fluvic
and oTher organic acids, but still has a fraction of
organic nitrogen compcunds. These are very largely
broken down in the oxidation reactocr 207 by reaction
with the hypcbromite. In the outflow 209 of the
oxidation reactor 207, H;0. can be added wvia the
reducing agent feed line 210 as reducing agent from the
storage vessel 211. Subsequently, the water stream 1is
passed via a reverse osmosis unit 212, a permeate water

tank 213 of a UV oxidation unit 214 and a mixed-bhed ion
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vessel 202, NaBr is fed to a carrier stream 203 fed from a reservoir which

is not shown, which in turn is 20 passed into a reaction vessel 204

suitable for generating hypobromite. The outflow of the reaction vessel

204 is connected via a hypobromitefeéd line 205 to the water stream 206
which is to be treated and which exits from the ion exchanger 208. The
wateh25 gtrean? isSalready substantially ldeionized anckfreed; fromtnatdrated

organic compeunds such ashumic,fluvic. apd ofherorganic acids, Butstil -
has a fraction of organic nltrogé?n compounds. These are very largel

brokeh- 86w in The oxidation readior 267 by Peadtion 36 With the Shganic
hypebromite. Iriiecoufiow 209 obthe LEXigatioh re&ct6rROT, 14202 kfbel s
agdded N@@E@zlé@du@'sﬂgéﬁgeﬂ%ef%%ﬂﬁf 210 asgeduging a@@mgm&l&e ion
stora evesge . g seguently, the water stregmwls pas e a

e 2 D e e S o BT (W iahsn 2
uhft 4 and E Mixedised o 2 a8xchange? 2351 Iffthse! $hé ion loading &<
infrodueed inie the water stream inthe context obthe hypebromdte anag so

treatmgntand also degradation-progucts. of prganic s pirogen compoungs

canh be removed. A substream 216 is 5 recirculated from the outflow of the
mixed-bed ion exchanger 215 to the permeate water tank 213. As a

reli0t &ie water $tigam i8 relatively weakdysionized: atthe eAtrance fotheer
UM-oxidation, unit, 214, and-5q. optimum-transmissign of the UV, radiation is,

achieved. 10 [0064] Fig. 3, a process section of a further embodiment of _
a'protess détotting 6 tHetinvihtion for” prodi&iRg ultrapiire atéF s> only
shownaTFhis differsomiyc in parial dspectsfromitheremisddiment shdw in 2.
Figz 2.  The cawier stream30%isnot fed from a separate-35 reservairhutz« e
“@Q§S¥¥§¥§ﬁ@&%ﬂﬁ{%¥”§%géwgé§@ from the reverse osmosis
unit 312. NaOCl is added to the carrier stream from the
storage vessel 301 as oxidizing agent and NaBr from the
storage vessel 302, Subsequently, said carrier stream
is passed to the reaction vessel 304 for generaticon of
hypobromite. The resultant hypobromite solutilon 1s
metered via the hypobromite feed line 305 into the
water stream 306 which is to be treated and which exits
from ths ion exchangsr 308. In the coxidation reactor
307, the reaction of the hypobromite with organic
nitrogen compeounds which are present 1in the water
stream proceeds. In the outflow 308 of the oxidation
reactor 307, H:0: as reducing agent 1is added from the
storage vessel 311 wila the reducing agent feed line
310. In the reverse oeosmosis unit 312 and the mixed-bed
ion exchanger 315 which are connected downstream of the
oxidation reactor 307, in particular the iconic loading
introduced intc the water stream in the context of the
hypobromite treatment and also breakdown products of
organic nitrogen compounds are removed. The uv
oxidation unit 314 serves in particular for further

reduction of the TOC content in the water stream. Iin
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unit 312. NaOCl is added to the carrier stream from the storage vessel

301 as oxidizing agent and NaBr from the storage vessel 302.
Subsequently, said carrier stream is passed to the reaction vessel 304 for
generation of 20 hypobromite. The reséltart hypobromite solution is
metered via the hypobromite feed line 305 into the water stream 306
whichisitollre tredied ardwhicteexits cirom the iar exchanges308.iln the:it
oxidation reactor. 307 sthe feaction,of;the hypobromite With.Qrganici2h, + 4«
nitrogen compounds which are present in the water stream proceeds. In
tife BlitHow 309 8f the ‘oxidstion” réattér307- HI02 BE rédutity gétths S+ 5
added froflthe storage uessel 311 via the réducingragentieed fine:810and
I the revesse; osmmosis upit 3k2@nd the mixedsbed 3@jon exchangee 315 ns
Whi%h are co}pn&cg@ed ,doqugtreram 9f the.o idati%nrrerﬁacéor 397, in . h
p%ir icular thé ionic %%diﬁg introduced ?rﬁo & water stream if the c%ﬁtefti ©
oPHel Piypédbromite tredtiiett ahd 858 bréakddwnigrodiretsist organie Br-
nittagen aompounds=are semaoved. The UM 3boxigatios u@jt 3ddseresHiner
particular fosguther, reduction of the, 100 content in the water stream. I, .
- 22 principle, the permeate from the reverse osmosis unit 312’is
p%se&%t%éWt&ﬁ%%oE@s%r%ﬁ@ﬁ%‘ SHowr'fh Figr2 Fiie Strean
ré@Btate-fromtthe reverse osmosiss anit 382 cantamssintelzarig bromidethe
ions.and. 5 chloride igns (from-NaOCL and NaBr) . The chloride ions can

be removed and replaced by bromide ions in the optional ion exchanger
318 which is loaded with Br- ions. Downstream of the ion exchanger 318,
the carrier stream 303 thus essentially comprises only bromide 10 ions.
Less NaBr needs to be added to the carrier stream 303 from the storage
vessel 302 in accordance with the concentration of bromide ions.
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- 23 - Patent claims 1. A process for treating water, in particular for -
producing ultrapure water, in which a water stream is passed through a
plurality of treatment stages 5 in which inorganic and/or organic species
which are present in the water are Separated off, wherein an aqueous
hypobromite solution is added to the water stream in at leas-- one of the
stages. 2. The process as claimaec:mcclaiha 1;ncharacterized 10 in that the
hypobromite solution is produced by reaction of bromide ions from at

least one inorganic bromide with at least one oxidizinlg agentwhichis
able to oxidiZ& tie’at 1east orie” ShoryRAic Brontite. 153, The processas ©*
claimedrincthimi2ichatacterized i #igtthe aguedusiypobrerfig stream
solution:whieh is; added, to,she water stream:is @ brgmidesionmeantabinge s
carrier sfream, to f‘!‘éhict:‘}g% aélLeiast Qg%%igizigg aagﬁeﬂ_n(t:is agggq gsefo&epigch
is fed into' 20 the water stream. 4. The process as claimed in claim 3,
charactérifed R thatiHe carfier sttéam's fétiat 184St in paREfrohfa O/
treatment.stage which is:afianged dowostreamof thecdatleast-one stageded
in which the 25 hynghrmite, solyfion s added 1q the waterstegam.. 5 1be
process as claimed in claim 3 or claim 4, characterized in that the carrier
stream is fed with retentate from at least one reverse osmosis stage. 30

62 The proeessasclaimeddn any one of claims 3:ton5,lchardcterizedEin1 zed
that the carrier.stream,is feq| .24 - with reteniate fram at least gpgdgvarse ny

0SMosis - . : - . .
regcticon of  bromide ions from at least cne

inorganic Dbromide with at least one oxidizing
agent which is able to oxidize the at least one

incrganic bromide.

3. The process as claimed in claim 2, characterized
in that the agueous hypobromite solution which 1s
added to the water stream is a Dbromice-ion-
containing carrier stream to which the at least
one oxidizing agent is added before it 1s fed into

the water stream.

4. The process as claimed in c¢laim 3, characterized
in that the carrier stream is fed at least in part
from a treatment stage which is arranged
downstream of the at least one stage in which the

hypebromite solution is added to the water stream.

5. The process as claimed in claim 3 or clalm 4,
characterized 1n that the carrier stream is fed
with retentate from at least one reverse osmosis

stage.

[&)

The process as claimed in any one of claims 3 to

5, characterized in that the carrier stream 1s fed
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stage, which retentate was treated in an anion -exchanger loaded with Br-
ions. 7. The process as claimed in any one of the preceding 5 claims,
characterized in that the water stream, after the addition of the

hypobromite solution, has a pH betweeh 8 and 11, in particular between
8.5 and 9.5. 8. The process as claimed in any one of the preceding 10
claims, sharactetized irethat thediypebromite s$olution is-added to themosis
water stieamdn a syolumetric-ratighetween1;10:and; 1:39000; peaferably on
betweer;3 %&@Qpa%drl%ggggai”w P@gticglar Q%trvlvseen 1:300 and 1:3000. 15

9. The process‘gs claimed in any 6ne of the préceding claims,
characterized in that, by means of the addition of the hypobromite
solutionTa=concentration of free hremine.indhe water streamm of betweern ng
1 mg/l and 10, ma/1,in pariculag deeg"%ﬁee@_ﬁamg”t d5m90.1S ot ream,

established. 10. The process as claimed in any one of the precedin ,
claims, EharatteriZed itfifat alreducing ageft i Bdded diter 2 tiffelof-1on.
action to:thre wateitistreanwy sehicttwas.admixed with the hypobiromitee tween
solutiong25 which eedticing agent is ab?e, in particular, to reduce
hypobromite ions and hypochlorite ions. 11. The process as claimed in
claim 10, characterized in that the reducing agent is hydrogen peroxide.
12. The Precesscaseclainged inlariyere oftherpreceding 80 claimereceding
characterizeghin that-befee the-addition :of the hypobremite solution; the «
water stream Is 29 p%sssed ggr(g)éj h at Ieas% one fi‘lﬂggactigg stage e%%d/ori%t
least oné ion-eéxchange stagé and/or at ledst one reverse 0smosis stage.
volumaetric ratio hetween 1010 andg 1:30000,
preferanly betwean 1100 and 1140000, in

particular between 1:300 and 1:3000.

O

The process as claimed in any cne of the preceding

claims, characterized 4in that, by means of the

addition of the hypobromite sclution, a

concentration of free bromine in the water stream
-

of between I mg/l and 10 mg/l, 1in particular

between 2 mg/l and 5 mg/l, is established.

10. The process as claimed in any one of the preceding
claims, characterized in that a reducing agent is
added after a time of action to the water stream
which was admixed with the hypobromite sclution,
which reducing agent 1s able, in particular, to

reduce hypcbromite ions and hypochlcorite ions.

11. The process as claimed in claim 10, characterized

in that the reducing agent is hvdrogen peroxide.
o) Py

- -L‘A. l i 1 .“_i i LR f .:..‘ L i it
12 The process as claimed in any one © he preceding
claims, characterized in that, before the addition

of the hvpobromite solution, the water stream is
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13. The process as claimed in any one of the preceding 5 claims,
characterized in that, after the addition of the hypobromite solution, the
water stream is passed through at least one reverse osmosis stage

and/or at least one degassing stage‘aﬁé’/of at least one UV treatment

stage and/or at least one 10 ion-exchange stage and/or at least one
ultrafiltratiors stage £ b4.cA watectreatiens systemefor farkyingouta stage
process:as;i¢laimed.in any one of the preceding, claims ywhigh COMPIisas at
one or more means for 15 separatinggffqinortganic and/or organic species
from a Water stréam, Eﬁé"’%%?éeriz%%y“ at ledstone device for generating
hypobromite solution which is connected to the water stream via at least
one. hypehromitefeed line. 20 15Fhe systemas-elaimed inclaipri4eaing
characterized, Intthal the device for geperating hypatronite sl « <o
comprises at ledst one reaction vessel suitable for génerating ~ .
hypobrotitedifti/of Gt Teastone stéfagetvestel forat 1655t Bhe 85-2am 1S
inorganicdxremiderand/aryat least onesstorage vesselfor atieastzone stage

oxidizing agent- 16, The system as, claimed in, claim 1%%%‘@“%5@/ or at
characterized in that said system comprises at least one storage vessel

for a reduting-agdht 30/ Which&é Hbfe! réaﬁ&ehy"b%(ﬁ)!(}ﬂﬁitea:?mdleaSt one
hypochlorite-iens; etbisaid vessedis connactédto theawater sttéarh via atne
least ong veduging agent feed line..26 17. The system as claimed in any
one of claims 14 to 16, characterized in that said system comprises an

oxidation reactor which is arranged in particular
14. A water <treatment system for carrying out a

process as claimed in any one of the preceding
claims which comprises one o©r mere means for
separating off inorganic and/or organic species
from a water stream, characterized by at least one
device for generating hypobromite soluticon which
1s connected to the water stream via at least one

hypobromite feed line.

15. The system as claimed in claim 14, characterized
in that the device for generating hypobromite
solution comprises at least one reaction vessel
suitable for generating hypcbromite and/or at
least one storage vessel for at least one
inorganic bromide and/or at least one storage

vessel for at least one oxidizing agent.

16. The svstem as claimed in c¢laim 14 or claim 195,
characterized 1in that said system comprises at
least one storage vessel for a reducing agent
which is able to redice hypobromite and
hypochlorite ions, and sald vessel 1s connected tco
the water stream via at least one reducing agent

feed line.
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downstream of the at least one hypobromite feed 5 line and is arranged
upstream of the at least one reducing agent feed line. 18. The system as
claimed in any one of claims 14 to 17, characterized in that said system
comprises, as means for separating o%“?nﬁrganic and/or 10 organic

species from the water stream, at least one filtration unit and/or at least

ohé ion-Iéxchargeé emit and/of atlleast drie reversevsmodis Aritiwhich4 to

are arranged upstreamof the hypebramite teedding, and/er in-that saids an

system 15 comprises, as means for separatin off inorganic and/or. . .
. OXlO.aa_JfOD Jﬁeac Cr Wrich 1S rram% G 1n Dartlcqua:
organic Species from the water stream, at” [east one reverse 0smosis uni

and/or affedst bhg2legassingd Gnittdnd/ord aEledStone URCREaiet uhfted
and/or at least ene ionsexchange amitanstar 20ratdeast hae yhrafifeadionone

unit whiggg@c:ﬂg@nggggzgg%sggam f.the hypobromite feed ‘line. 19.

The system as claimed in any one of claims "i6 to 18, characterized in that
said system comprises at least one reverse osmosis unit arranged
downstré&am 2% of the atdeast oneeeducingzagentfesddifie,aihichs 14 to

reverse esmosig upifis connected;to the gt leastone device for- oy r se s,
generating hypobromite_ solution via a return line. 20. The system as
claimed Ty claifi 1'9° chadrabteri2 66236 in“fiat séié%yst]eﬁ?ggﬁ]%ﬁges §ro/or
anion exchaager whichds foadéd with Breionszaridis atranged betweérast
the reverse-osmesisunitiand the-atdeash gne device for gereratingge  ion-
hypomogg%ﬁ%%ggwbnit and/or at least one reverse osmosis
unit which are arranged upstream oF the
hypobromite feed line, and/or in that said systenm
comprises, as means for separating off irnorganic
and/or organic species from the water stream, at
least one reverse osmosisz unit and/or at least one
degassing unit and/or at least one UV treatment
unit and/or at least one ion-exchange unit and/or
at least one ultrefiltration unit which are
arranged downstream of the hypobromite feed line.
19. The system as clalmed in any one of claims 16 to
18, characterized in that said system comprises at
least one reverse osmosis unit arranged downstream
of the at least one reducing agent feed line,
witich reverse osmesis unli is connected to the at
least one device for generating hypobromite

solution via a return line.

20. The system as claimed in claim 19, characterized
in that said system comprises an anion exchanger
wnich 1s loaded with Br  iomns and is arranged
between the reverse osmosis unit and the at least

one device for generating hypobromite sclution.



