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Description Treatment of water with hypobromite solution [0001] The
invention relates to a process for treating water, in particular for producing
ultrapure water, in 'oh 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 capring-out-such a process. [0002]
Thetreatment of wateris currently of constantly increasing importance, in
particular in the field of obtaining drinking water, and also in the production
of high-ptFiiPProeess water2Partictlarly High 8EMan#s aré mate 6ftne
water purity, in particular in the latter case, for example in the case of
Preeess waters which.are-required in the nf%f’%“%ﬁ}&éé@@@é‘guwé%tinq
For instance, in semiconductor production, water having an extremely B
HiGh degree’of Burity'i§ Yeduired tor washing siiGon*wafets ih 20" Farficulart ™
after etchingyproeesses.[0603] Therstarting pointforproducingthelity of
high-purity-wates required isfrequently, sutface water-for example river, ., -
water. . This is yriﬂedaig a mqﬁltgi)sta}qg process,comprising a pretreatment
se%ﬁb’n,”what 525 terméd & “Mmake-up™Sectioh; afd what i§ térmagt £ =
"Bolishing™ seeHbA 1 Phe préticatmentgenerdlly esmprises inparticulamter
ane-erumere:filtraiereperations for removing-fing particles, afloesulation
step for removing colloid substances and very fine dirt 30 particles, a
sterilization, a softening and a desalting of the raw water. Subsequently,
th8Wtdr thtidtreated 7§ i tHE maketup SEEH6H, deddssed WeiGnizey  OF
andteeated Wwith WM& further UMitreatment €an be pravided-: 2a+duringcne
polishing. 4 addition, the.polishing generally compriseg further . ., oy
deionjzation processes and also at least one ultrafiltration step. [004] The ™
rAnvater 16 Be freatdd-Genérafly contding organic Eohstituent§ oF + “1ar 1y
imparitieswhichdsust besemovettas faf as possible dukng theutreatment. in
Qecasionally - the totalcontent:of prganic. constituepts.in the raw water can. .

ven exceed a value of 5 mejgarts per miIIion). o : .
CL Process warsrs noen arse requl:ed in the producT1lan

of semiconductors. For instance, in semiconducior
production, water having an extremely high degrse of
purity 18 reguired for washing sgilicon wafers, in

particular aZter etching processes,.

[0003] The starting point for producing the high-

purity water reguired is Ire

0

usntly suriacs water, Io
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example river water. This is purified in
process comprising a pretreatment section, what 1s

termed a “makes-up” section, and what 1s termed a

“polishing” section. The pretreatment generally
comprissas in particular one or  mors filtration
operations for removing fine particles, z flocculation

step for removing colloid substances and very fine dirs
particles, a sterilization, a softening and a desalting

of the raw water. Subseguently, the water thus treated

63}

, 1n The make-up section, degassed, deionized and

ct
=

reated with UV. A further UV treatment can be provided
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10[0005] For water whichintended to be used in semiconductor -
production, generally a maximum value of approximately 1 ppb (part per
billion) of organically bound carbon, total organic carbon (TOC) is sought.
Particular attention Is paid here to remad¥ing nitrogenous organic
compounds, in particular urea and urea derivatives, since these have
pravedito heopardieulady interfesing:in semiconductorpxeductionyenerally
rlawgyer .expetgnes 1as showp (hatloysnolectiar:ngight itagenoys,
organic compouﬂndts, especially, may be 20 removed only with great
diffiedity “I\water treatmentprocessest @bnventional [0006] Surface
water frequently has a very high concentration of nitrogenous organic

cpRMPENdssinparticular in regiqns ytad infensively rfé)é £z agriedlure. In_ .

these regions the concentration of nitrogenous organic compounds in
sutface Waters incréased primarily by tHe intensh&use' 8t rittogehfased
fertitizer={00073 Rvdzewski et abtrapure water(r)-November 30-2003=n* .

Rages 20:26)1propose, adding sodiupybromide and 0zgpe 10 A WAIRE ;- o
strear@.for removing nitrogenous organic compounds, in particular urea.

at

[y by -

By means of fhé 0Zone-a part of the' added $6ditm biomide i oxidized? £F™
3iPandr hypetromite-is f6rmed which in turn can react with nitroaenous
organic compounds and so convert these into a state in which they can be
ily removed from the water stream- The ozone and the sodium
glr%rrﬁi e are’é%&dedw Separately for this to the water stream, wherein ~~ ~ "
atEBrdit to'RyfZevisar et &l the sodif bérmide mustde dddedvaiue of
upstream:of:the ‘0zorie agdition-in:ordes4e achieve eptimuss mixing:ofithe1 1y

twa,gompenents tho wager stream, Rydzewski et al, foundthat Hn this .

Particular attenticon is paid here e, removing

ot
C

nitrogenous organic compounds, 1in particular urea and
urea derivatives, since these have proved to  be
particularly interfering 1in semiconductor production.
However, experience has shown that low-molecular-welghs
nitrogenous organic compounds, especially, may Dbe
removed only with great difficulty in conventional
water treatment processes.

[0006] sSurface water reguently has a very high

concentraticn o©f nitrogenous organic compounds,' in
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-
based fertilirer

[0007] Rvdzewski et =z]. (Ultrapure water® November

2003, pages 20-26) propose adding sodium bromids and
czone Lo a water stream IOr removing nitrogenous
organic compounds, in particular urea. By means of the

ozone a part of the added sodium bromide is oxidized,
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10 manner the fraction of nitrogenous organic compounds in a water

stream may in fact be effectively reduced. However, in their studies they
came to the result that an efficient reduction of this fraction can only be
achieved by an extraordinarily high hypabremite concentration (for a
breakdown of urea from 25 pbb to 5 ppb, a hypobromite concentration of
approximately-2Q ppm is recommended): Correspondingly-they propase,; ; «
agdLng sodium bromide and ozone to the water stream in very high o
amounts wWhich of cotrse disadvantageoushy 20 greatly incréases thatotal -°
ighicleadof the Watef Strédr YDoWhstreamiseparationistagessareved from
especiala.ceceasionaliyconsiderably impaired bynthe donie leadingwhich is. -
inttoduced. Furhermpore, high concentrations of the strong oxidizing agent;
hypobromite can ca”u'sbe_ conéiderabfe rﬁate“r’i'afpro%l”e‘fﬁs. fn”r)értléolar T
te Easelof 6zone thig i fioFdovefa relatively Expersive Feag AT aRE itnust
must belfreshlyugenerated Hmmediatelbefore useiwithiahigh demandef o
eguipment resources, Alsq from,economi aspegis, the procedure 4, oy

proposed by 30 Rydzewski et al. is ther_“eforﬁe1 capable of being thirpizédﬁ.&\ ‘

[0608] Separatirig off mtrGgenots orgdnic ompourts fromta fater»  =0is
stream=by mieans e5diypobromiteiistaisoratopic ob CF0909458560FEomis in
this it ig-known;to-adg sodium bremide and sodium-ycochlorite in o4y ceq,
combination with a flocculent to a water, stream nich 4 be -4 - freated.
sodium hypoc%for%g Sjudt 518 070ne, 15 abletd bxidize thebromideto =2~
h§pobfdrite. 4ard firstste thetffocéulent and thé sediundbromide avey  be
added & the water stream. Not untik-after ihe substanges which have bom: e
flocculated out have been separated off by means of a filter is the sodium _

h§%§cﬂ§ftle%dlq%d séf)gr“ate{/ t%ﬁﬁg_j&v%?é};nstrcéamﬁﬁ ‘éafgr'fﬁgrmé,te“pf ) _“O
HowdVer, this procaatire dlidaty dodsTot appearto be bptifiah beeaugssly
aflocoplationsstepds generatly performed ir agl-venyearly stage ofrcpose
water;ireatment process,namely inthe contexi.of the prefreatment (see.

above). In this early stage the water stream which is to be treated still has

high' contanihatici di& to impBlnties ofall typesr Adardetéd feactionrously
nittogenous crganiczks:impuorites withzhypobromite isctherefofe the water
impossible, which-means that fwvpabromite-must he generated in.veryhigh ; .,
concentrations jn order to ensure efficient removal thereof. [0009] The .
oBfé‘;’:?Sf t%éap“r‘:eéeﬁﬁﬁ\ﬁ/"’eln fon‘is to 20 provide & t&chnidal sélttion for®2 =19
tréafing water, irpaitieular for ploducinguittapure Watsr, iswhichitrations
especially the aspect obthedatgeted bieakdown of pitrogenous ofganic-zuse
C%%EF{QEHQ%&%%G%‘Q%Om"ilccaoij”tbl%% sglytion according, to the invention ,

should; 25 compared with the procedures known from the prior art, be, in

paftittlaf ‘mdtéEeondmical with AtIE5St The sdme Bffitiehty . JOOTOP THIS: Ve
obfestisrachieved by thenprecesshaving the features of.claim Landalsa iy
the.waler rgatmeM«r, o nigh demand of equipment resources.
Also Irom economic aspects, The procedure proposed by
Rydzewskxi et ali. is therefore capable o©of Dbeing

optimized.

off nitrocgencus organic compounds
er am by means oI hypobromite is alsoc a
topic of JP 09094585, From this 1t 1is known to  add

sodium promide and sodium hvpochlorite in combination
ol

r siream which is to b

with a flocculent to

j83)
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30 system having the features of claim 13. Preferred embodiments of the
process according to the invention may be found in dependent claims 2 to
12. Preferred embodiments of the water treatment system according to
the invention are defined in dependent claims 14 to 19. - 4a - [0010a]
According to a first aspect, there is previded a process for treating water,
in particular for producing ultrapure water, in which a water stream is
passed through a plurality of treatment stages in which 5 inorganic and/or

organic species yhich, arg presentin;the waterare-separated offayhereinan L«

an aqueous hypobromite solution is addedto the water stream after the ..
wat8r Stieam ‘%lsg passed ﬁ%ﬁbﬁ)eat %eoasl c\fﬁé})%ﬁr()aﬁtll%estag&gnan%/gfl arttg'éas% “ep
oriehien-1@ exchaiige stage afdiorarieast OneTRVEfsesosicStagd . the
aﬂﬂaWQQf ein-the:water; streamds passed:thraugh atieastonesrevetsech have
osmosis stage after the addition,of the hypobromite sglution,and,wherein, ¢
by means. 0? 'E%% ad%ﬁ%ﬁon of the 15 hypob%)mit,e solution the s?tfgichiorﬁketric ?

rafic bF frée BRomRE toBrHaM nitrdgefitbifpound ftf e wiltérstrdam s =©
set te=a vialue:greaterthan 2:1ranclessthamb0:1.step. However, this

procedure already deoes not appear Lo be optimal,
because a flocculation step is generally performed in a
very early stage of a water treatment process, namely
in the context of the pretreatment (see above). In this
early stage the water stream which is to be treated
sti111 has high contamination due to impurities of all
types. A targeted reaction of nitrogenous organic
impurities with hypcbromite 1s therefore impocssible,
which means that hypobromite must be generated in very
nigh concentrations in order to ensure aefficient

removal thereof.

[000%] The object o©f the present invention i1s to
provide a technical solution for treating water, in
particular for producing ultrapure water, in which
especially the aspect of the targeted breakdown of
nitrogenous organic compounds 1is taken into account.
The solution according to the invention should,
compared with the procedures known from the prior art,
we, in particular, more economical with at least the

same efficiency.

100101 This object is achieved by the process having
the features of claim 1 and also the water treatment
system having the features of claim 13. Preferred
embodiments of the process according to the invention
may be found in dependent claims 2 to 12. Preferred
embodiments of the water treatment system according to

the invention are defined in dependent claims 14 to 19.
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water stream are separated off, where

[0010b] According to a second aspect, there is provided 20 a water

treatment system, in particular for producing ultra pure water,which

comprises a plurality of treatment stages through which a water stream is
passed and in which inorganic and/or oé{%ar_]ic species present  inthe

inthe 25 water treatment system
comprises asrst means for separating off inorganic and/or organic
species from thewaterstreamatleastone 30filtration unit and/or at least one
iohteExthange.unit andfor atleast ohereverse osmosisturit; e 4bs asvided

second means.for separating.off inorganjc, and/or organic species fiom the; .
water stream a. reverse osmosis unit, and i .
producing ultrapure water, 1n 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, wherein an agqueocus
hypobromite scoluticon 1s added Lo the water stream
after the water stream is passed through at least
one filtration stage and/or at least one ion-
exchange stage and/or at least one reverse osmosis
stage and wherein the water stream 1s passed
through at least one reverse osmoslis stage after
the addition of +the  Thypobromite scolution and
wherein by means of the addition cof the
hypobromite scolution the stoichiometric ratio of
free bromine to organic nitrogen compounds in the
water stream is set to a wvalue greater than 2:1

and less than 50:1.

[0010b] According toc a second aspect, there is provided
a water treatment system, 1in particular for producing
ultra pure water, which comprises a plurality of
treatment stages through which a water stream 1s passed
and in which inorganic and/or organic species present
in the water stream are separated off, wherein the

water treatment system comprises

e as first means for separating off
incorganic and/or organic gspecies from
the water sTream at least one
filtration unit and/or at least one ion
exchange unit and/or at least one

reverse osmosis unit,



(8]

10

5at least one device for generating hypobromite solution which is
connected to the water stream via at least one hypobromite feed line,
10wherein the first means is arranged upstream of the hypobromite feed
line and the second means is arranged downstream of the hypebromite
feed line. 15 -5 - The wording of all claims is Incorporated by reference
into the content of this description. [0011] A process according to the
invention serves for treating water and is suitable in particular for

producing ultrapure water-In the-pracess awater sirgam s passed o ¢
through a plurality of treatment stages in which inorganic and/or or%anic

species whidh'&reég5iésknt ifthe (rater &té S8par&tedTAHE[0OES] Int L om

particular, the-procegs aecording todhe, 10 ipventier-seryes forkerting s
water which contains nitrogenous organic compounds such as urea as

impurities. [Gﬁi%TPaﬁaiEﬂarly,a processaccording to the invention is

distinguighedin that.anag equs hypebromite-solutign is added - to-the 1,
water stream in at least one of the stages. The process according to

invention théréRpe différs Fom:the 'dbove destried pricr artirtHat ted

individual campponeqis whichonly reactwith ope another o dorm:  one

hypobromite after mixing ] .
hypobromite feed line,

wherein the first means is arranged
upstream of the hypobromite feed line and
the second means 1s arranged downstream of

the hypobromite feed line.
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- 20 in the water stream are not added to the water stream which is to be

treated. Instead, a solution which already contains hypobromite is added

to e wafer stream. Preferably, the hypobromite formation is essentially
already fully completed in the hypobrom 7= 25 solution. Preferably,
immediately after addition of the hypobromite solution, a maximum
Coneentratioihef hypokromiteImay.be determinedin the wates streams rence
which maximup.congeniyation isng longer gxgegded downstream. The
hypobromite solution is preferably 30 added continuously to the water
stream. [0014] Surprisingly, it has been proved that by introducing this
mM&asure, the soichioaretdc ratiodofrchemical$s esechto=nitrogenaus-organico »
compounds tobe: = 6 - degraded.canje markedly reduced compared with,, .
the processes known from the prior, art, with at least the same efficiency

with regard To the breakdown of hitrogenot’ orgaliic cBfpotinds if the > &%
watefEstrearhs Thigerpay be atiribuitable te theofaet that invthecdasecafeatment
separate adgdition ot individual samponentsfor exarpplesodivum bramigde § -,
and ozone or sodiym | rgdtggtelg);it% Qgco%déngtp+g dzewski et al, or
according to JP 09094585, Tespectively, the reaction for generating 10 the
hypobromite proceeds in a greatly retarded manner (or, in particular at low
pH) Eisa braceedsavery incompletely): sincedhe individuakcempenents arene

rresentin greatdilutign in the water,stream, In poth.cases, the formafion ;
of hypobromite, the concentration 15 of which is still zero immediately =

dfter T a0dition of the fdividualFCompoRetits, proéééds cBfrespbidifgly ==
slowly:andiineompletely. According to the present process described, in
contrast, a hypobromive solution which is immediately active is added to
t r 2Qstream. [00193] In the context of the present applicationa
h@%é\/ﬁgmitg %Cﬂbt‘ibﬁ?safffﬁé takén to %@gneﬁgnerﬂ§a%§3ﬁd%us 56lution™®
whiglkrdomprises-©Br- ibhstandior HOBE. In the preséaticasesn  agusous
cerrespendingly, the: 25 expressiondhypobremite’=is taken-togmean HOBr ;-
and/or,OBr- ions..[0016] Preferably, according to the invention, .the

ne oOIit Thge 3tages. L8 PrIoC coraing

l=East o cess  ac o to the
invention therefore differs from the above-describad
prior art in that individual components which only

react with one another to form hypobromite after mixing

in the water stream are not added to the water stream

which 1s to be treated. TInstsad, a solution which
already contains hypobromite is added to the water
stream. Preferably, The hypobzromite formation is

essentially already fully completed in the hypobhromite
solution. Preferably, immediately after addition of the
hypobromite solution, a maximum  concentration of
hypeobromite may be determined in the water strean,
which maximum concentration 4is no longer exceeded
cownstream. The hypobromite solution is preferably
added continuously to the water stream.

[0014] Surprisingly, it  has Dbeen proved that by

a

introducing this measure, ths stolchiometric ratio of

chemicals used tec nitrogenous organic compounds to be



o

a
>

20

{2
[#2]

hypobromite solution is produced by reaction of bromide ions from at least
one inorganic bromide with at least 30 one oxidizing agent which. is able

to oxidize the bromide ions. The reaction with the at beast one oxidizing
agent proceeds preferably in water. Thé inorganic bromide used can in
principle be all inorganic bromine compounds which dissolve in water n

the dermation ofbromide iens; thatis to say;fee  leastonealkalmetal - e

Hromids, and/or Alkpine sagih metal bromide i sodium Dromide oo one
particularly preferred embodiments. The at least one oxidizing agent is

24 tra A el P YT A e
préfetably a'hypoehidtite compounbSfAparticutar soblitin hypgochfsriter  of
Theclathernis preferred,ine compounds in the water stream. This
may be attributable to the fact that in the case of
separate addition of individual components, for example
sodium Dbromide and ozone or sodium  hydrochlorite

= o
alC

ding fo  Rydzewski et al. r

1

or a
JP 05094585, respectively, the reaction for generating

the hypobromite proceeds in a gresatly retarded manner
(or, in particular at low pH, also proceeds very
incompletely), since the individual components are

present in great dilution in the water stream. In both
cases, the formation of hypobromite, the concentration
of which zs still zerc immediztely after the addition
of the individual components, procesds correspondingly

slowly and incompletely. According to the prasent

st ream.

{0015] In the context of the present application a

hypobromite solution is to be taken to mean generally

an agueous solution which comprises OBr® dons and/or
HOBx. in the present case, correspondingly, the

express:ion "hypebromite" 1z taken to mean HOBr and/or

OBr™ ions.

[0016] Preferably, acceording to the inventicn, the
hypobromite solution is produced by reaction of bromide

ions from at least one incorganic bromide with at least

one oxidizing agent which 1is ablse to oxidize <the
W

pbromide dions. The reaction ith the at least one
oxidizing agent proceeds prefsrably 1in  water. The
incrganic bromide used can in  principle be all

inorganic bromine compounds which dissolve in water

with the formation of bromide ions, that is to say, fo



10 patrticular, also for reasons of costs, since it is relatively cheap

compared with ozone, for example, aspect, is not very stable. In

agueous solution it can very rapidly disproportionate to bromide and
bromate. [0018] As already described at the outset, by means of the
hypobromite added to the water stream, nitrogenous 20 organic impurities
whichnarespresentin thewaterare atleastinpart oxidized and can readily 5+
be_removed from t ter stream subsequently. In particular, urea may
bgvrgggegﬁéad%%ﬁy*pbb%ﬁ%f n thTs?cacég, iﬁt\c’g? alia, Molectitar ~~YP¢
nitfogeand alst cafson dibkida 25 &k fornfedwhichiifiay Beé fembvedetal
relatively seadityi ds gases see farmula 1): fO04QICONHR2) 23, OBr-2 H2Q:  a+
(Farmula BI{%OZQL-I;!?}?_I‘O%@B&gnsbfg%%g{@ tg%&e/%cpona%ﬂ;%line earth

(o%tjmoﬂnqally together with further ions introduced into 30 the water streamin |
dombiratiolt With & hypobromits' tréBtmeRnt Stich s, excess BroRmide forst 1y
frone therinergagicbromideusedorthtorigieionsfrom one oxidizing agent

is preferably & hypochlorite compound, in particular
sodium hypochlorite. The latter is preferred, in

particular, alsc for veasons of costs, since it is

relatively cheap compared with czone, for example.

[O00L7] FPreferably, the hypobromite solurion is
s far as possible ilmmediately pricr to the
addition tTo the water stream. This is expedient, in
particular, because hypobromite, from the chemica
aspect, 1s not very stable. In agueous solutiorn it can

very rapidly disproportionate to bromide and bromate.

[0018] As already described at the outset, by means of

o]
jor
wn

the hypobromite added tc the water stream, nitrogen

organic impurities which are present in the water ars
at least in part oxidized and can readily be removed
from the water stream subseguently. In particular, urea

may be reacted readily with hypobromite. In thi

-

s
inter alia, molecular nitrogen and also carbon dioxids
are formed which mav be removed relatively readily as

gases (see formula I):

Jo.

[0019] CO(NHziz = 3 CBr — Np + CCr + 3 Br™ + 2 H.,0 (Formula T)

o

[0020] The bromide ions formed in tThe reaction can
{optionally together with Ffurther ions introduced into
the water sitream 1in combination with <*the h

treatment such as, €.g., excess promide ions from the

inorganic bromide used or chloride lons from
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- 8 - hypochlorite used) likewise readily be removed subsequent treatment
stages. [0021]The aqueous hypobromite solution is preferably produced in

a reaction vessel suitable for the 5 generation of hypobromite (the reaction
vessel will be considered n more detail hereinafter) before its addition to

the water stream- Water, for example, from a separate water reservoir can
befed dntodhe Teactionaessel; to-whichawateethe:atleastone ingrganic
19%8%%%%@%'@5%%@? one gxinging agent are added. The at least

one norganic bromide an forthé at least one oxidizing agent can,

example, be added from separated storage vessels in which the reactants
afe(resent aissaqueous selutionsoAdditioneas solid isialso cenceivablerian v
each gaseqin the, case of the oxidizing agent, optionally alspas agas. -y,

[0022]In particularly preferred embodiments of the process according to.
ti& Thvenbion hGwever e &dledtis hypSbrofmite ‘softition fhich is attied P
tothe20 water stteam toobe treated=Hs a bremidesioh:containing tarder 1ts
stream-tagwhieh the.at least.one oxidizing agentds added beforg it is.fed-. .,
into the water stream which is to be treated. The addition of the oxidizing
agent proceeds s i the above process Vartant preferabdhy’in upstréamof "
a'feagion vessel suitable for #iegenérfationsof hybobromiteyin whichrganic
reaciioncvesseltherbromidelions which-are:present:in the,carries stteamgeq
age,at least partigly gidized (o iypobromile, 30/002517he carpier strea .
is preferably fed at least in part; in particular complete y,?'r"om"at“ least one” -
treAtment StagelWhicFRTConnecidd downstream B e at leastafésstager o
ireehichethechypabromite seldtieor issadded tortheiwaterstreatg-cants are
present as agueous scluticns. Addition as sclid iz also
concelvable in each case, 1n the case of the oxidlizing

agent, optionally also as a gas.

{0022] In particularly preferred embodiments of the
process  according to  the invention, howevar, The

aqueous hypobromite scolution which iz added to  the

water stream to be treated is a pbromide-ion-containing

carrier stream to which the at lsast one oxidizing
agent 1s acded before 17T 1s fed intc the waler stream
which 1s tc be treated. The addition of the oxidizing
agent proceeds as in  the above procsss  varliant
preferably 1n or upstiream of & reaction vesssl suitable
fer the generation o¢f hypobromite, in which reaction
vessel the Dbromide ions which are opresent in  the
carrler gstream are at least partially oxidized to
hypobromitce

10023} The carrier stream is preferablv fed at least

-

in part, in particular completely, from at least one

U

treatment stage which is connected downstream of the at

least one stage in which the nypobromite solution is
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- 9 - [0024]Particularly preferably, the carrier stream is fed from at least
one of the abovementioned downstream treatment stages in which the
ions which are introduced into the water stream in combination with the
hypobromdte treatment are removed-adalr;. Preferably, this stage is at
least one reverse osmosis stage. [0025]In a development it is preferred
thatdyg carmer-stream is-fed withaeterdatesfrontthe asdeastconeseverse :is
osmosis, stgge..in the retentate, the ians.1Q which are.being remoye gaf feam

concentrated, including in the present case, in particular, also bromide )
oS A RS emboditfient: Corféspondingly, Bromid&ions nééd nof - roduced
abligatorily be added separatehytorthe carrier stream dnstead, italready the
h@?&hg§gﬁ¥kgfb%%@Q%ﬂ@%%“”@%bop@@%%Wé&“yQgggﬂqbePreferably,
syfgplemqnted by adding the at least one inorganic bromide. The total ‘
consamption of the atleastone indrganic brontide €anTe kept™ 9« -
correspondingly very low which can have a very beneficial effect on the
eponomic effisiengy of the-mo-progess aecording tovention-[0026Ha+ he
further preferred embodiments of the process according tg the invention, .
the cartier sfream can also be fed with fetentate from thé at least ohe ~~°"
révérsé 68mbsiR stafed hichTeteiftate was treateddn antahicn exchangers
leadethwith Br-iens: dn theranien exchanger, ferrexample chloridedons:g in
which are present in the retentate.can be temoved.and replaced by .o - 1
bromide ions. This HR expedient, for example, when the oxidizing agent
usedis ATvpocHiGite: POTOGSFACES i to the TrventiBn it8 particrary~
Rreferrgdtthat the Wweaterstieam safter:the addition of tre hypobremite-rsam.
selution,has a;pH > 8, preferably, between 8.and; I, in particular between .,
S.Eand 9.5. It has peen est%lfglished(qthat the breakdown of nitrqgebn -10 -

which opticnally only need To De supplemented by adding
the at least one incrganic bromide. The  total

consumption c¢f the at least one incrganic Dpromide can

be kept correspondingly very low which can have a very

peneficial effect on the economic efficisncy of the
process according Tc the invention.
00267 In further preferred smbhodiments ¢ The process

azcording to the inventicn, the carrier stream can also
be fed with retentate Irom the at leas

osmesis stage, which retentate was Trsated in an anion
exchanger loaded with Br dions. In the anion exchanger,
for example chloride ions which are present 1in the

retentate can be removed and replaced by bDromiace ions.

{0027] According to the invention it is particularly
preferred that the water stream, after the addition of
the hypobromites solution, has a phH > 8 preferably

,
between 8 and i1, in particular betwesn 8.5 and 9.5, Iz

has been established that the Dbreakdown of nitrogen
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compounds which are present in the water stream proceeds particularly
efficiently in said ranges. The pH of the water stream is preferably
controlled exclusively by the addition of a corresponding amount of
hypobromite solution. Of course, it is also possible, however, to vary the
pH by targeted addition of additional hydroxide solution or acid.
[eQ28]Befosetheadditionofthebypehbremitg-solutian, the watef:steeam s+« ream
nerall eferably has an 10 essentiall n@utral H or an a Ikaline pH,
ggpgn%l%bp{)n Which W%%Tkup stage ﬁﬁasxbassed tf? ougﬁjbefore Fheg the
additioR [0029]The I 6 the hypSPFomibE soldtich ftselP* alsocontrolled
cenceéivahle: CODrexanple indhe event of asesof hydragenbromide asnount
the at Ig@%@g@gﬁ@@gnlcgogﬂd%pomp%md ZQ[QQ\%Q]Prefer_ably the _ -
hypo romite solution is added to the water stream in a volumetrlc ratio
betiéer 140 dnd 36600, Preféfably betive&i 1100 @hd F 166007 -t Lon
patticudar between 1300 and 4:3000. {0031Forpreduction of the
hypobromite solution, he 25 at least one oxidizing agent is mixed and
r%%;é%eéi]wnh the bromldeuuons from the at Ieast one |nor%%nic

L..M\._)

hyvpcocbhromite

solutlon, the water stream generally preferably

i
4]
3

essentially neutral pH or an alkaline pH, dependinc on

which workup stage it has passed through before the
addition.

[oo29] The pH o©f tThe hypobromite sclution itself is
generally a reilatively non-critical factor. It is
vreferably in the alkaline range, in particular in the

[0030] Preferably, the hypobromite scoluticon is addsd
Lo the water stream in a volumetirlic ratic bstween 1:10

and 1:3000@, pxeferablv between 1:100 and 1:10000, in

fO031] For procuction ©f the hypcbromite solution, the

at least one owidizing agent is mixed and reacted with

0.3 and 10, in  particular Dbetween 0.5 and 2,
particularly preferably betwsen 0.8 and 1.5 These
ranges are preferred, 1n particular, when the incrganic

bromide used 1s an alkali meital bro
sodium bromide, and ©Ths oxidizing

a
hypochlorite, in particular sodium hypochl
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30 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 hypochibrite, in particular sodium hypochlorite. [0032]In
principle, attempts are made to generate.a hypobromite solution having a
fraction of what is termed "free bromine" as high as possible. "Free
broosag" in the presentcase shewd betakendomeandbe amountref-t e
ine, in.pardicular in the form, of HOBr and/ar QBr-, which can be .
(%gjegrér{n%gép BE%/vha%si gélfeci}?the' [glg:i'rhé%hoﬁ (see %e ow). However, Care
shdtltFbe takeh 5 enSairedthafthe concentidtion 6 freet5idimite inthe " Free
Solutionrdoes hot exceedbavalue:of 1046 9/2H[O0B3]For produetion of theean
hvpabrayite solution using.a hypochlarite as oxidizing.agent, the. =, -

cgln%gntratiozojﬁ frg% chlorine (snir}pilaf[ly to the above definition of "free
brofmine™ “fré& thiofire” in the presént case shobil b8 taken t¢thediithe S
argut of ehteriRé Linipakticutar in te formaf HOEbamdior GC=2% whidtpu 1d
can be-determined by the,abovementioned-DPl-) method).in the mixture of .
oxidizing agent and the at least,one inorganic bromide is set p[efer_abslg1 o .
a 20 value between 0.12 /1 ahd 120 g/l i patticular bétween 6.3 §irand -
30 0iF particularly preferably between 1 g/1 and 75 g/l. Generally the

amount of free chlorine correlates directly to the amount of added
hypesblorite, 25100341 The DPLmethod is known {0 those skilled in the art.
According to this method, for determination of the concéntration of T
chfotit@ or ffee bromifein asolttion, fie freéBromine shd thedfde . the
chiorineraregeacted with DiB(N¢\-diethyl<l ,4-phenyienediamt 3QHheabove
cgneentration of the resyltant compound-can be determined. . .o« 51 ¢y,
photometrically, for example using a "Swan Chematest 20s" type ‘ )
photorTeter froh Swan Analytisthe Indtriments AEZ8itzeNand® Fhetree ©°
chlokine can be masked chemicallybefdre the addition 0P DP|and/sorthecl”

r
which can be determined by the abovementioned DPD

[SH]

in

i
.

methoa) in the mixture oI oxidizing agent and the at
least one inorganic bromide i1z set preferably to

[t R & §

value Dbetween 0.12 g/l and 12C ¢g/l, in particular

[0034] The DPD method i1s known o those skilled

concentration of Ifree chlorine or fres bromine in =&
soilution, the free bromine and the free chlorins ars
reacted with DPD N, N-diethyl-1, i-phenvienadiamine)

The concentration o
determined photometrically, for example usin
Chematest 208" tvpe photometer from Swan Analytische

Instrumente AG, Switzerland. The Ifree chlorine can be

masked chemically before the addition of DPD and so the
PPD added only resacts with the [(unmasked) freese bromine.
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35DPI added only reacts with the (unmasked) free bromine. - 12 - The
concentration of free bromine can be determined directly in this manner
while the determination of the concentration of free chlorine can be made
subsequent formation of the differencel J0035]Preferably, in the
hypobromiteoduction the at least one oxidizing agent is allowed to act on
the bromide:-ionsfeom the at feast-one inprganie bromide forbetween 30 neg
%dé@q%ecppd&lpfgfeﬂa@%gewggn 60 r}g 60 secorJd%m ]{)artlcau}ar_
ntione

between 120 and 10 300 secon(:ls in partlcu arin the abovemei
reatiiTVesselstitablé for the §éi eraffl%ﬁﬁlﬁypobreﬁﬂte After this fithe LV
hasexpiredngeneratty anor: equitibrium bétivestrlngpobromite has

formed, 15is therefore essentially

for between 30 and 3000 ssconds, preferably between 60
andc 600 seconds, in particular between 120 and
300 seconds, in particular in the abovementionsad
reaction vessel suitable for The generation of
hypobromite. After this time has expired, generally an

ibrium between the reactants and resuitant

equ
hypobromite has formed, and the hypobromite formation

for kinetic reasons, The egtablishment (ol &
sufiiciently high hyvpobromite concentration is
necessary The regulred concentration values of course
depend not least on the concentration of the nitrogen

10 mg/1, preferably betwsen 1 mg/l and 10 mg/l, in
varticular between 2 mg/L and S omg/i. AT These
concentrations the reactlion proceeds according to
fo ‘

& concentrations, material nroblems

s
seguence ©i the oxidative potential of the bromins
B
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[0036]In the water stream according to the invention to keep the
concentration of depend not least on the concentration of the nitrogen
compounds in the water stream which are to be removed. Generally, it is
preferred, by means of the addition ef the hypobromite solution, to
establish a concentration of free bromine in. the water stream of not
greater than:3Q:-mgh preferablyetween 1-maiand-temgil, iNnyention,
p@f;tgcul Lbetv%een ? rvpvgllﬁand 5.mg/i. A;thgseﬂgon entrations the reaction .
prqbee(?sbgél"cco} i%ré@[o SbWOr%%fé"geneC)rélly _‘ré:b'ldly erjfooﬁrgj r.IT’n audition, &t -
thesercotftentftibRs “materiallprobléms asta Eonséqierice 6ftheexi o &
‘ative potentiakafthe bromine compaundseare generally-natiexpeetede ran v
[0azjersferanly. ageording g the presentiovention the staichimetric
ratio of free bromine to organic nitrogen compound% in the water stream is
set'to-a vaIGE gréaterihan 2°F Gha 16ss thak 501S preferablyBstweén 2:1 An
ahd 2071 gn partioutardbetwéen 2:laand: 10:1 - particuladypreferably 2t suecn
betwegn 5dand-10:1. Anefficient remo:va ororganic.nitragen . .
cgmpguggs at such a low concentration of free bromine is not known to
date fromthe prior art” 10f0038]Preferably, a reducing agent is added
after a time of action to the water stream which was admixed with the
hypobgomitezselutionswhich reducing agent is.able. in particularfo reduce
hypglromite ions. and hypoc Ierite jons, The addition of the reducing agent
with the hypobromite solution, whichk reducing agent is
able, 1in particular, to reduce hypobromite ions and

hypochleorite ions. The addition of the reducing agent

ride ions. These dec not any longer have a2 corrosive
action, in particular fTowards polymeric materials, and

can readily be removed in downstream treatment stages.

10032} The time c¢f action menticnad is +the time in
which <the hypobromite added +to <he water stream is

aliowed to act on the organic nitroger compounds which
are contained in tThe water strsam. Preferabl

of action 1s between 1 minute and I hour

betwasan Z2 minutes and 30 minutes, marticulariv
preferably between 10 minutes and 20 minutes.
[0040] Tne reducing agent, in particularly preferred

empodiments, 1is hydrogen peroxide. Hydrogen peroxide is
u

particularly suitaple since, as & nonionic compound, it
can  react To completion with  hypobromite or with
nypochlorite 1In & virtually Vresidue-fres" manner.

Opticnally, excess hydrogen peroxide can be removed

without problems in a subsequent stage, for example by

means of UV irradiation.
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15 is Intended, in particular, to reduce excess hypobromite and
hypochlorite to bromide ions and chloride ions. These do not any longer
have a corrosive action, in particular towards polymeric materials, and can
readily be removed in downstream treatment stages. 20[0039]The time of
action mentioned: is the time in which the hypobromte added to the water
streem is all owed-t9-act-anithe organicinitrogen compounds whichare-- = r,
contained in the é/g}@teresére%r)rlePrejgraglﬁy{ the of actjon is between i .
minute and 1 hour, in particalar 25 betweens minttesind3o™oo=nes,  for
NTFRES particilady pieferablEbetwden 10 mHAGV=ES and 20 mintites.sodium
[0046}THe reducing. agent; jn particulariycpreferred-emboedimentscise  water
hydrogen peroxide., Hydrogen peroxide is particularly suitable since, as a
nonionic compoun&l, it 30°can react to completion with hypobromite with
hypochlorite in a virtually "residue-free" manner.. Optionally, excess
hy@fegEn peroxidescan berremovedawithoutproblems in & subsequeptccess
stageo o7 example by,means.af V. inradiat-on. , [0041L Alternatiyely, or -,
additionally to, the hydrogen peroxide, for example reducing sulfur
compounds-for ekﬁrﬁﬁlé%ﬁi%tuﬁét%g%r Barticufar 4136 sGdithibisuffite®cess
(Na25205% cah @iso-be mdded teethenwatey streanr as reducing-agenting to
[CO42]A noturimportant; aspectofihe process - riens s=ction, & make-
up section and a polishing section as have already been
described at the outset. Within this chain, the agueous
hypobromite solution 1s added to the water stream which

is to be treated preferably at the end of the
5

section Preferably, upstream of the addition of the
nypobromite sclution, there are arranged as ifreatment
stages &t least ocone Iiltration of the water streaam
using a multimedia Zilter {in particular for separating
off flocculated  impurities and/cr art least one
filtration of the water siresam using ar activated
carbon Ifilter and/or at lszast one treatment in an ion
exchanger and/or at least one reverse csmosis stags,
all these stages, in particular, being within <*he

pretreatment ssctlon. Downsitiream of the addition of the

nypobromizte sclution (and also, preferably, also of the
aadition of the at least one reducing agent), there are
arrangec preierably at least one reverse osmosis stage
vas  aiready menticned above) and/ocr at  least  one

particular in a mixed-bed ion exchanger) and/or at
least one ultrafiltration. Such a positioning sensures
that, at the time point o©f the addition of the
hypobromite sol:

o A ey o1 am - s FOE Ny P 3}
Cion, The water sitream which 1is to bs

u
Treated ig alrsady freed Zrom a substantial par:t of the
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according-to the invention is the positioning of the hypobromite treatment
stage within the overall process of water treatment. Preferably, a process
according to 10 the invention comprises a pretreatment section, a makeup
section and a polishing section as have already been described at the
outset. Within this chain, the aqueous hypobromite solution is added to
thexwatarstesam:which isdo-be treated-preferably attherendrefthe 45s tre

PLetreatment section or.afthe start of the make-up section Prefergbl n
upstream gfg the a(?(ﬁtion of the hypobromite solutl%n, there are arrarTg%(/—:E:Pg_e )
the

ASHEAHERE stifesht 1655t orfesfiltratidit 6f thewdtBFstréamtising a
multimedafilter (incparticular ferssepasating-eff. floeculatedimpurities)=d by
andlorat least.one-filtration of the water siream-using an activated carbon ;.

filter and/or at least one treatment in an ion exchanger and/or at Jeast one
rever8e odosts St AT thtse Staged: partichfar béing withirt the 25 -
pretreatment section. Downstream of the addition of the hypobromite
septigion (and alse; preferably also-ofithe addition of the-atleastone. 1.
g B B A B e e puc the
0SMoSis stage (as alréddy me iohed &bové) andfor af léastone’sg”™ ™~ "€
degassing teatment and/eratiéast'ohe IVireatmentarid/6rratleast oreans
treatmentirsan tomexchanger {incpartieular in:aixed-bed-jen exchanger) s
andlor at.least one ulitaft fation..such a positioning gnsyires that, atthe, -
time point of the addition of the hypobromite Solution, the water stream ™~
which o betredted i alfeady freed 6 astibstantial partofide shed by
impurltiesswhichaveie-originafly present rEhis hgs thecadvantage:that the- i on:
reaction ofdhe.grganic pifrogen.compounds which.are contained in. the .
water with the hypobromijte can proceed substantially unimpaired by
faRREHIONTEand néificnic Tofistituents, and so the hypobromite
concentration can be kept relatively low. [0043] A water treatment system
acoomding torthe inveption setves, dn particularsforcarryingoutthe so1ucion
above-described process. It comprises, one or more means 10 for
separa‘fi_ng”o%f inorganic ana/or organic species from a Water stream.
Pafticutarh? a wate? freatmént sy stery aeéordingttoahe iventitn issast one
distingdisbed-hy=atdeastiane demice fofgenerating hypobremite solutiefm;: d=
which)is.connected.to.the stream.vig at least one 15 hypobromite feed.
line. [0044]The device for generating hypobromitesolution comprises ~
préterably AFleastone re4ction'vessel e property to oxidize the

at least one inorganic bromide. The storage vessels are

vegsse

connected to the reactlon wvessel via one or more fead

mbodiments of the at leas:
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details above. Preferably, the at least one incrganic

bromide and tThe &t least ons oxidizing agesnt are

present 1in the storage vessels in the form of their

agueous solutions. The at least one reaction vessel
=

Or mlxing tThese agusous

[0045] The oxidation of the at least one inorganic

bromide to hypobromite procesds in the at least one
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suitable for generating hypobromite and/or at least one storage vessel for

at least one inorganic bromide 20 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 '55 the

reaction vessel via one or more feed lines. As regards preferred
embaodimentsvefdbe at leastonednarganic=bramide antl the at 'keashiene of
oxidizing.agent, reference.can be magde,to the carresponding.detalls., . - -

above. Preferably, the at least one inorganic bromide and the at least one
dXidizinGHYent are prEseiit inthe 4o¥age/eLSelRiR B form Gfthef BB=acy
atpreous solutions.. The at least one reaction vessel preferably comprises
means for mixing these aqueous solutions. - 16 - reaction vessel. The
rﬁa&g ce tigue of the mixture of inorganic bromide and oxidizing agent in ,
the Teactor is preferably betweeh 30 and 3000 $&conds, 48 affeady =<+ 1%
definéd abovel §0046]Preferablyi asatértreatment system accordingtessel
the inventioncomprises atdeastone-starage vesselforatleastone- rfor =
rgg%gigg a e%tmianhpar‘tﬂ;gql%for a r%%ugc;ng[a\gept w&iﬁcﬂh iﬁ aglcgabtgorzgggge nd
h’yboﬁro'mi e anid sypochiorite. In this case the é?ijea‘_éfoné/ Storage'Ve“s“seF‘ h
forthreFedteingagent’is donhéctéd ffthe WateFstreaffpreferably vigat age
leastone reducing @aentifeedrine dpwinstream-af-the at leastone he water
hypobromite teed ling: With regard tq preferred embodimens ofthe.at -

least one reducing agent, likewise reference can be made to~ N ‘
coteSpdtiding détas atiove. 084 AParthcafarly preferdbiy dwamer te fesd
teeatment'systemr eaccording-to thesinventich comprisesantoxidafion-he at
reactor which is aranged downstream of.ithe hypebromdiefegd line.and .o

is arranged upstream y\og.pt gZ%ﬁ@uc:ﬁg g_l%entgfeed line. In the oxidation
reactor, tle reactonty e s above.

)
@
8]
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FO047] Particularly preferably, a water treatment
system accerding to  the invention  comprises an
oxldation reactor which 1s arranged downstream o©Ff the
hypobromite Zsed line and L1s arranged upstream of the
recducing agent feaed line. In the coxidaticon reactor, the
reacticn  of The abovementloned nitrogenous organic
compounds with tThe hyvpobromite added <©o the water

stream essentzally proceeds.

[0048] Preferably, a system accerding to the invention

comprisses, as means [or separ inorganic and/or
organic specles from the water stream, at lesast one
iltration unit and/or at least one ion-exchange unit

and/or at least one reversse 0Smesis unit wnich is or



,= the abovementioned nitrogenous organic compounds with the
hybobromite added to the water stream essentially proceeds. The
hypobromite is allowed to act on the nitrogen compounds in the oxidation
reactor over the above-defined time-of attien. The at least one oxidation
reactor can comprise means for mixing the water stream in order to
ersuue efficient degradation of the nittagen,cerapounds. [0048]Preferably, ..
stem according to the invention 30 comprises, as means for o
2%%3%&%@?0? inb?gar%gfanwgrv Srganic species fromthe water steam® at - ©*
|E&St Dhe Filiratior tnit antd/8Fatleast 6R6 icntexehange anitamelforeat  from
least onexreverse 08e0s|s Uit whichds orate arranged-upstreamof the . +

hypgbromite feed line. -[00490in addition, it is preferred thatasys .- .
according to the invention comprises, as means for separating off =~~~ N

iNOrganic Ant7ot orgaric spatiesfrofi theidter sftéamCarfeasStgie e unit
reverse nsmosisigrit andforat least ere degassing unitand/eratdeast = or
onecUR freatment unit and/or at least ong ionsexchange unitandjorat, .
least one ultrafiltration unit which is or are arranged downstream of the
hvpobroraite feed line. [0050]In the present case, in particular multimed a
10Peérs and activatedsoaebon filters are used ag filtration units. Theatmed: a
10 leastionedon-gxghange winit-can-comprise-not enly:cation apdahions . 4=
exchangers, but also mixed:bed ion exchangers. of the at least one

[

redicing agent feed fine and which'is cornected 15 the"at Tedst ohe Hevits =

f@@@emﬁﬁmﬁfse not only cation and anion exchangers, bu:z

also mixed-pad lon exchangers.

[00B1] Particularly preferably, & watsr treatment

i5 system according te the invention comprises at least
one reverse osmosis unit which is arranged downstream
of the at least one reducing agent fesd line and which
is connected to the at least one device for genserating
hypebromite solution via a return line Preferably
20 bromide-containing retentate as carrlier stiream can be
trangferred Ifrom the at least one raverss osmoesis unis
to  the at least one reaction vessel suitables for
generating hypopromite  wvia the return line. By
introducing oxidizing agent into the reaction vesssl,
25 the bromide in the carrier stream can be oxidized. The
nypobromite-containing carrier stream thus obtazined can
subsequently be added tTc the water stream which is to
be treated.
[0052] A filtration unit, in particular in the form of
30 & cartridge filter, can be connected upsiream of the at

least one reverse osmesis unit which is arranged
downstream of the at least one reducing agent fead
line, in which Zfiltration unit excess raducs

i
and/cxr chlorine and/or bromine can be decomposed. As
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bobromite solution via a return | inc. Preferably 20 bromide-containing
retentate as carrier stream can be 5.ransferroA from the at least one

reverse osSmosis unit to the at least one reaction vessel suitable for
generating hypobromite via turs4= retuifi line. By introducing oxidizing

agent into the rcaction vessel, 25 the bromide in the carrier stream can be
axidized. The hypebromite-containing earrier streamdhus obtainedican-  is
subsequently be added to the water stream vhich is to be treated. [0052]

A filtration unit,carticularorm of 30 a cart idge filter, can be connected
upstream of the at least one reverse osmosis unit wh.ich is arranged
dbwrsFeamiof thedatleastione reducingragentfeedme’, 4m which filtration +he
unit-excess redycing agent.and/or,chloring andlor bromingcanbe . o5 o

decomposed As - 1§ such in partlcular an suitable. vated-carbon filter
gxcnqnaer whic Loaded with Br ions for Du::::m\/ *19‘

he retentate from The reverss o0smosis unit which

n

]

"j

arranged downstream of the at least one reducing agent

feed line. The anlion exchanger 1s expediently

s
Lo

Oy

i8]

W
[fe]
[§
]

twean the reverse osmesis unit and The at least one

r generating hypobromite sclution. Upstream of

of the «carrier stream into the
sactlon vesse which - is suitable for generating

cof the anion exchanger loaded with Br  ions, and so, £
Pl

example, C17 ions and/or OH® lons which may be contained

in the carrier siream are replaced by Br  ilons.

description hereinaiter of preferred embodiments in
combination with tThe subclaims In- this case ihe
individual features canrn e ilmplemented in =ach cass

particulaxr empodiments described serve only Ior
iilustration and for  Dbetter understanding of the
a

invention and are in no w
FOOEBR] in ths crawlngs:
[0056] Fig. 1: shows & flowchart of a standard procsss
for ultrapu

(process variant having double-stage reverss osmesig).

[00B7] Fig. 2: shows a flowchart of & process section

of  an  embodiment of

Qs

process  according  toe the

invention for producing ultrapure water,
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[0053] In addition, it can be preferred that-the system according to the
invention comprises anion exchanger which is loaded with Br- ions for
purifying the retentate from the reverse osmosis unit which is arranged
downstream of the at least one reducirig’adent feed line. The anion
exchanger is expediently arranged between the reverse osmosis unit and
the @b tgast phe 10 devicrdasgeneratingdrypobrontitezsotition: tpsteam: on
qof the g}trodg&tﬂ)%gggg,carr@f strqaméalg ég% reaction vessel whichis _,

suitable for generating hypobromite, the carrier stream can be > freated by
mBIRS bf tHe arfién E’X&%ﬁgeﬁbaded YHHER oS- ahd s for Examiple] i n¢
Cla ionszand/oe OFH: lonsswhich may:be oomtamec&inethe:camer stream-ate se
replaced by Br- ons. [0024] Other features of the invention result from the .
descrlgtlon hereinafter of preferred embodimeénts in combination with the
StbclaihE i this case the 20 individual features can be implemented in
each case separately or as a plurality in combination with one another in
arvemboedineant of the invention: The ; padicylarembedimentsdesaribed. ;-
serve only for . illustration and for better. understandmg of the .
ZLEa nvention anél1 are in'no Way fodbe taken as restnc”tmg TOUSS]pn‘the e
drawingspe58] Fig. Eistowsd flewdhidrof d standardprocess foriat is
ultrapure water progductian-hy:the curentpror-art(precessivariant havingc .
double-stage reverse osmosis). 30[0057] Fig. 2: shows a flowchart of a
process section of an embodiment of a process according to the invention
foP BREMcing ditrapiie Wakter 22490058 Eig. 3echoivs'd ficichiatt dfa be
proeessesection ofamembodiment oba process-acearding:to tHElinvention he

for. producing yltrapure water (Ygytant:having-partiakrecycling of the : 1, .
retentate ré) a reverse osmosgls stage and jon exchangr{e V|a Ioaded |on

Batwaen oervolyr 101 ahd the filtr te
ekeha ﬁger
water tank 102, 1t flows <through 2z multimedia filter
i04 and arn activated-carbon filter 105 Before
introduction intoe the multimedia filter 104, a

flocculent can be added to the water via the feed line
106, and befors introductilon into tThe filtrate water

tank 102, 2 bioccide via ths fesd linse 107. The cation

exchanger 108 and the anion exchangsr 108 are arrangsd
downstream f the filtrate water tTank 102 DownstTream

a
ol The tTank for deionized water 103, the water is

introduced into 2 reverss CSmMosSis unit 110 for
completion of the pretreatmenz. Via the feed lines 111,
112 and 113, acid (111} or hvdroxide solution (112 and

113} are added as reguired. Via the outlet line 114,
retentate Ifrom the reverse osmosis unit 1310 1s removed.

The pretreated water is subseguently transferred to the

[0061] For makeup, ths water 1s passed from the clean
water reservolr 115 into a furthe S
116 (what 1s shown here 1is a process variant having

double-gstage reverss osmesls; ILn the case of wvariants
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[0059] Fig. 1 shows a standard process for ultrapure water production
according to the current prior art. The process is subdivided into three
sections, that is 10 to say the pretreatment, the make-up and the

polishing. [0060] For the pretreatment Zthe-water which is to be treated is
transferred from the reservoir 101 via the filtrate water tank 102 into the

tank fercdeionized-water 103. Between thesteserveoir 101 and thefiltrate e rse

water tank 102, it flows through g multimedia filter 104 gpd a0 5 :ne 117,

actiyate*ﬁd-carbon filter 105. eifore int_rpductioningo the N L
riiltifddia filterl 04 HHUEEtIent 88n bE%dded T3 fife WATRT Vidthefeér, 116 -
linew 06, amerbefore introducetiorrinto thetittrate water 20 tartk 102ha water

bigcide via-the feed ling;107 - The, cation exchapger. 108:and the-aaion 1 ¢
g&pgagglec[ 109 are arranged gé)wps'geamﬁof the filtrate \gate\r/_ tank 102. = g

Swinstréant of the Tanri for deionized Water 103 the Walter i rtroduced ©°
intor& relérse osmodis anit 120 forZbrcompletiorcefithe pretreatmehtolia 23

the deed lines Til; 112 and 113, acid £LLD)orhydroxide-sotution: (112 andy <
113) are added as requi %d Via the outlet line 114, retentate from the
WAl o IESE"\FOW"]%%

reverse osmosis Unit is removed. The pretreated water is

subsequently transferred to the 30 water reservoir 115. [0061] For
makeizp, thewaterris passedtromthe cleanwater reservoifrkls intdar-her

further reverse,osmosis unit 116 (whatlis shown hete is ayprocess varignt
having double-stage reverse osmosis; in the case of variants - 20 -

Ravirig-Sifigle-stage revetséBSmbSTE, Gnif the riferse s masis Um0t 4 -
pravided)::¥iarthe outletline: 127, retentate issemoved fromuthe.reverse
osmosis unit 116, Downstream of the reverse osmosis unit 116, the water
:iggg%cei ina degassingzunit 118, a DV treatmentunit 119 andina ~__
. 1 &\ ArpCess SOESOT S ownn of  an
ixed-bed ioh exctanget 120, \Ad the féed fie 121 acidand/or
hydkoxidensolutionr added as retjuired CThe water isssubseduentivnt Lon for
transterred:to the walerreseryair 122. 10[0062} Fosihe Polishing, dh.e 201,
ater is finally hulh_ner e ‘ - .
VKaSE§ stygea-as oxidlizing agent and from & storage
vessal 202, NaBr is fed to a carrier stream 203 fed
from a reservoilr which 1s not shown, which in turn is
passaed into &  reaction  vessel 204 suitable  for
generating hypobromite. The outilow oI the reaction
ssel 204 13 connected via a hypobromite fesed line 205
te the water stream 206 which is to bs treated and
which exits from tThe l1on exchanger 208. The water
stream 15 already substantizlly deioni
from natural organlc compounds such as humic, fluvic
and other organic acids, ut still has & fraction of
organic nitregen ccompounds. These are wvery largely
T

broken down in the oxida
i

oxidation reacter 207, H:C0: can e added vis the
reducing agent feed line 210 as reducing agent from the
storage wvessel 211. Subsegquently, the water stream 1is
passed via a reverse gsmesis unit 212, a perme

a
Tank 213 of & UV oxidation unit 214 and a mixed-bed ion
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transferred to the ultraffltration unit 125 via the UV treatment unit 123 and
the mixed-bed ion exchanger 124. Subsequently, the water can he fed to

its use. [0063] In Fig. 2, a process section is shown of an embodiment of a
process according to the invention fer groduacing ult ahure water. From a
storage vessel 201, NaOCL1 is fed as oxidizing agent and from a storage
vessel202; NaBnis fedte a caries stream:203ded fram @iresernvair whighced
i shown, i assed. into a reaction vessel 204 suitable for . .
g;e%%t?at'}%% hy%%o%%?n i%e“%%]%o lftﬂrov'\?%? the reaction vessel 204 1§ °~FM==¢
connéctédVra aiypobroniite FE&ITE-205 0 thelwater StréamZ06 which: 1<
isitobve treatedandowhich exitsifram thesion exchangers208: (Theawaten 25 : s
stream.is already substantially deionized and freed from natutal erganic .

compounds vsucél as humicLJﬂIuvic and other organic acids, but still has a

faction of ofgaffic hitrogen CompBaRds: These dre Very targély broken 5 @
doasiathe oxidatiohtreacter: 262y reactioni30:with the hygpobiomitesdi zed
the outflew 209 of the-oxidation reagtor 207,:H2C Jrcanbe-adgied viathe .
reducing agent feed line 210 as.reducing agent from the storage vessel

211 - Slibsequently. the water Stream is passéd via a fvetse 6§mosisUnit
212, a permeate water tank 213 of a UV oxidation unit 214 and a

miged-bed ion exehanget 215z In thesecthe iopdeading intraduced iRto-+ he -
the.waterstream i the contextof the hyporomite treajment and also, -,
degradation products of organic nitrogen compounds can b&removed. A *°°
SUbSrEamM ™16 s rédrctted fforf thelutffowPsf the Fitxéd-bedionr s only
exchanger 215 tedhe permeatenwatertanki213: a=a-a esultntherwater . 2.
stream is.relatively wegkly-ionized atthe entrance tg the LI oxidation unit,.
214, and so optimum transmission of the UP radiation is achieved. ~ ‘
1070064] 1 Fig~3,-a process section of a furthef embadiment 6f& protess <
aecording®- thédmention ferpreduting titrapure water is shewn. Thism the
differs oply infastial aspectsfrom the:.embgdiment shawn inEig- 2:The -1
-qarigrstream 303 fs ngyfed from 2 separate, ‘

torag essel : eguently

Fhy

Iv, said carrier streanm
is passed to the reacticn vessel 304 for generation of
hypobromite The resultant hypobromite sclution is

Zrom the ion exchanger 308. In the oxidation reactor
307, the reaction of the hypobromite with organic
nitrogen compounds which are present in  the water
stream proceeds. Irn the outflow 302 of the oxidation

reactor 307, Hy0, as reducing agent is added from the

310. In the reverse osmosis unit 312 and the mixed-bed
ton exchanger 315 which are connected downstream of *he
oxidation reactor 307, in particular the ionic loading
introduced into the water siream in the context of the
nypobromite treatment and also breakdown products of

crganic nitrogen COmpounas are removed.

[}

he Us

oxidatlon unit 314 serves in particular for further

reduction of the T0C content in the water stresam. In

Inl
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15 reservoir but with retentate from the reverse osmosis unit 312. NaCC1

is added to the carrier stream from the storage vessel 301 as oxidizing

agent and NaBr from the storage vessel 302. Subseguently, said carrier
stream is passed to the reaction vessek304 for generation of 20
hvpohromite. The resultant hypobromite solution is metered via the
hvpobromite:-feed fine 3e5inta the water.strgam 306,which isto-bestreated - +
aggnhich exils o Jhe lon.exchanger 308, In he oxidalion reactor 307,
the reaction ojﬂ‘le hypobromite wit oréanlc 25 nitrogen compoun5§" ooas
WhiCH Brepreseft inthe Water<tiedhi proteéds in the otiew<309 6fthes:s
oxidation #éactorc30%; 44202, as redueing agentis addedfromethe sterage and
vessel 311.via the reducing agentfeed line 310. In the.feverse osmosis ,

unit 312 and the mixed-bed 30 ion exchanger 315 which are connected

dofhstréam o1 the BRidation reattor 367 in particiiarthéSonicloading: the
imtroducedinto the water straadr in i context of the hvpobromitewitn Br
treatentrand-alse breakdownrproducts ef.organicitrogen compounds .-« .-
are removed,,Lhe UV 30 Oéidag%Q unit 314 serves in %irticularﬁ for further.
principie, thé permeate from the Teverse bsmosis brit 312 is Processat ™™ 4«
idétitieally-frthelirdeessavatiant s showd &t Fig: 2. The retentate from: ream
the reverserostnesis unit 332 coatains; interzalia; bromide ions-andy,: - » +he
chlaride ions (from Na0C1 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. 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
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5 in which inorganic and/or organic species which are present in the water
are separated off, wherein an agueous_hypobromite solution is added to
the water stream after the water stredm is passed through at least one
filtration stage 10 and/or at Iegs%o?l% %@[-exchange stage and/or at least

. . oIS :
one reverse osmosis stage andaw%erel hée water stream is passed

through at least one reverse osmosis stage after the addition of the

hypobromiterselution anskwhereinbyyeanswofthe additipaofthei1ar for
hypobramite solufion the stoienjomelric atio of ree bromine fo organie .,
nitrogen compounds in the water sfream is s.et"to a value greater than S
and lessthat56:2¢ 2072 THE Procedd astaired fif clairfintthalthestages
hypobramitessalution reactipn:afdbromide dans froga indrganicdaromidewyitih:h

at least agent which.isable tp oxidize the, 2Siorganic bromide.. 3.he . -

process as claimed in claim 2, characterized in that the a%ugeous

hypobréiiité Solution wiidh 7§ Hdded s the Watbstrégntis o 15 added
bromidé&<tontontainirigcarriérstrgamatd which thesat leaste30omeoxidizingl s

agent is, added-peiore-Bl ihfedsinto the, watersiean.i4. Jhg PIoGess:as; ge
claimed in CQairr) 3, characterized in that the carrier stream is fed at least jn

part froma ‘rgaltmgntstagg W icﬁirslggrralnaréld §§§dv§n%grgans1 of the af'feadt® "
one sta@é inwhigh the sy pobrofiite SoRtsw B latlded trthe water'streamin

the water stream 1is passed through at least
one reverse osmosis stage after the addition
of the hypobromite solution and wherein by
means of the addition of the hypobromite
sclution the stoichiometric ratic of free
bromine to organic nitrogen compounds in the
water stream 1is set to a value greater than
2:1 and less than 50:1.

2. The process as ciaimed in c¢laim 1, characterized
in that the hypobromite soclution is produced by
reaction of |Dbromide ions from at least one
inorganic bromide with at least one oxidizing
agent which is zable to oxidize the at least one

inorganic bromide.

3. The process asz claimed in claim 2, characterized
in that the agueous hypobromite sclution which is
added to the water stream is a Dbromide-ion-
containing carrier stream To which the at least
one oxidizing agent is added before it is fed into

the water stream.

4, The process as claimed in claim 3, characterized
in that the carrier stream is fed at least in part
from a ftreatment stage which is arranged
downstream of the at least one stage in which the

hypobromite sclution is added to the water stream.



5

23a 5.The process as claimed in claim 3 or claim 4, characterized in that
the carrier stream is fed with retentatf from at least one reverse osmosis
. . 234 .

stage. 5 6The process as claimed in‘any one of claims 3 to 5,
gharaclﬁgized in that the carrier_stream.is fed 24lwi.th retentate fr%g1 ar

. & roCess  Aas clalﬂeﬁ i1 zlalinm ?f' olal 4,
east ofie Teverse osmosis ‘stage, which retentate was treated in an anion
exchariger Toadleswitts Br ibhs. 7:The protessasclgimed irf 8AY orebof fod
the pregeding belaims charactefized tn thatthe water streany; afterthecsis
additio?@ gée hypobromite solution, has a pH between 8 and 11, in
particular between 8.5 and 9.5. 8. The process as claimed in any one of
the preceding 10claims, characterized in that the hypobromite solution is
added 1o thepwateesteears inca ¥olupretricratiobetween1:10and 300003 to

5, characterized in that the carrier stream 1s fed
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preferablybetween1:100and1:10000,in particular between 1:300 and
1:3000. 15 9.The process as claimed i£1£any one of the preceding claims,
characterized in that, by means of the‘addition of the hypobromite

solutior‘}, .aigonge@g%g% gf frtere brom'&nelirg3 thsetwacl)tyenrE stgﬂe&m 01; get\évgrepg éLis
mg/I and ‘mg?l, in particular Z0between fmgll and 5 mg?f,“is )

establisiet40. THelstbcess aaitlaiied itdny bHé df #ie ptéceding anton
claims,charactetzed in:thatiaweducing agenhis.added after a time of

action to the water stream which was admixed with the hypobromite
solution, 25which reducing agent is able, in particular, to reduce

Rypobroriite RS 8Rd hfsochiGritdS6ns: The'brofBss a8 claimfedihchanh 19
10, charaeterized intizatdhe seduckg agentis:bydrdgen peroxide. 25:1322m,

The pracess,as claimed in any gne gkthe preceding claims characterized;, |
in that, after the addition of the rgpobrom,lte solution, the Watir stream is

5 passed thréughat [Sast 5B degassing stage ahdfGiat teast dhe TR/ e

treatment stageiand/or at least one ion-exchange stage and/or at least
one ultrafiltration stage. 13. A water treatment system, in particular for

8. The process as claimed in any cne of the preceding
claims, characterized 1in that the hypobromite
solution is added to the water stream 1in a
volumetric ratio betwaen 1:10 and 1:30000,
preferably between 1:100 and 1:10000, in
particular between 1:300 and 1:3000.

ko)

The process as claimed in any one of the preceding
cilaims, characterized in that, by means of the
aadition of the hypobromite soluticn, a
concentration of free bromine in the water stream
of between 1 mg/l and 10 mg/l, in particular

between 2 mg/l and 5 mg/l, 1s 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 hypcbromite solution,
which reducing agent 1s abkle, in particular, to

reduce hypobromite ions and hypochlcrite ions.

11. The process as claimed in claim 10, characterized

in that the reducing agent is hydrogen peroxide.
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10 producing ultra pure water, which comprises a plurality of treatment
stages through which a water stream is passed and in which inorganic
and/or organic species present in the Wwater stream are separated
off, wherein the water treatment 15system comprises as first means for
separating off inorganic and/or organic species from
thewaterstreamatleastone 20filtration unit and/or at least one ion

exchange-unit-andler-atieast onefeverse osmesisnit, @%@@Oﬁgéﬁ%@&%g
the

separating off inorganic and/or or ic_species fro 5 ter,
for pCla}_IgS chara.c%e lzed 'ILII‘I gt at p ag‘geF %e a C?ltl@ﬂ.
stream a. reverse 0SmMosis unit, and at least'on€ device for generating

hypobréité B6luticiPwRier s esnneeted- 1on,  Hoherwater steamavia 15
at leastong:; 30hypobremite feedllinest one degassing stage and/or
at least one UV treatment stage and/or at least
one lion-exchange stage and/or at least one

ultrafiltration stage.

13. A water treatment system, in particular for
producing ultra pure water, which comprises a
plurality of treatment stages through which a
water stream 1s passed and in which incrganic
and/or organic species present in the water stream
are separated off, wherein the water freatment

system comprises

& as first means for separating off
inorganic and/or organic species from
the water stream at least one
filtration unit and/or at least one ion
exchange unit and/or at least one
reverse osmosis unit,

® as second means for separating off
inorganic and/ocr organic species from
the water stream a reverse csmosis
unit, and

e at least one device for generating
hypobroemite solution which is connected
to the water stream via at least one

hyvpobromite feed line,
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25a. wherein the first means is arranged upstream of the hypobromite
feed line and the second means is rganged downstream of the
hypobromite feed line. 5 14. The sy fh as claimed in claim 13,

characigrized inrthat the-devige: for generating Bypobromite; salutione 4
comprises at least one reaction vessel suitable for generating hypobromite

and/or 3P 0 688 on8 Stofdie vBIRPRI APb A ohé fifdrganicbréthide
and/or ghleast-onestorage-yessaldorat leastene axidizing agent. 15
The system as claimed in claim 13 or cjéa,im 14, characterized in that said

system-CompHEBS At 18lEast orle™Storage Vessel for a reducing agent
which is able to reduce hypobromite and hypochlorite ions, and said
vessel is connected to the water stream via at least one reducing agent
feled 1ifg120 =26 161 Thessystenias dlaimeddn @bl oAe of claimsit3 to 18:d
charactgrizeglip that:said system-compeses ar gxidation seactopwhichis o
arranged 'in Qarticular . . s
SOLUTtlon Comprises atn ERSTSRERN One reactlon vessel
suitable for generating hypobromite and/or at
least one gtorage vessel for at least omne
inocrganic bromide and/or at least one storacge

vessel for at least one oxidizing agent.

15. The system as claimed in claim 13 or claim 14,
characterized i1in that said system comprises at
least one storage vessel for a reducing agent
which is abple Lo reduce hypobromite and
hypochlorite ions, and sald vessel is connected to
the water stream via alt least one reducing agent

feed line.



10

15

20

25

downstream of the at least one hypobromite feed 5line and is arranged
upstream of the at least one reducing agent feed line, 17. The system as
claimed in any one of claims 13 to 16;"characterized in that said system

amprises, as means for separating off. inorganic and/or 10 organic

gpégcies%%gmstﬁg Wﬁeras?reé)% at e%stlgne%ggaggi%g ﬁﬁit 5%%/6?% least”®
one U\lfreatiient apitendicrat idast oAk iGrrékchangeuniteitidriaes an
least one: ultrafiltration 4t which.are-arranged downstream of therticular
hypobrgmite I5feed line.18, The system as claimed ip any,ong oficlaims
15 to 17, characterized in that Said system comprises at feast one reverse
osmosis tifit atfdhged doWhies of e affeEstonelreBudihg agéntfead®
line, 20:which reverseo©smasis:unit isneonnected to the at least one device
for generating hypobromite solution via a return line. 19. The system as
claimed in claim 18, characterized in that said system comprises an aqnion%

~ —

éxchanbeF 25 Whidlis foaded Witk Br- idhsHhd i€ afrartyed betwden the —°©
reversel6smasis:unit aad thedt least bhe deviee for gemdratingconprises,

hypobromite, sOU#iON. £+  separating off inorganic and/or
organic species from the water stream, at least
one degassing unit and/or at least one UV
treatment unit and/or at least one ion-exchange
unit and/cr at least one ultrafiltraticn unit
which are arranged downstream of the hypobromite

feed line.

18. The system as claimed in any one of claims 15 to
17, characterized in that said system comprises at
least one reverse osmosis unit arranged downstream
of the at least one reducing agent feed line,
which reverse osmosis unit is connected to the at
least one device for generating hypobromite

solution via a return line.

18. The svystem as claimed in claim 18, characterized
in that said system comprises an anlion exchanger
which i1s loaded with Br  ions and 1s arranged
between the reverse osmosls unit and the at least

one device for generating hypcbromite scoluticn.



