
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 carrying 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-purity process water. Particularly high demands are made of tne
water purity, in particular in the latter case, for example in the case of
process waters which are required in the production of semiconductors.
For instance, in semiconductor production, water having an extremely
high degree of purity is required for washing silicon wafers, in 20 particular
after etching processes. [0003] The starting point for producing the
high-purity water required is frequently surface water, for example river
water. This is purified in a multistage process comprising a pretreatment
section, what is 25 termed a "make-up" section, and what is termed a
"polishing" sect-Hon. The pretreatment generally comprises in particular
one or more filtration operations for removing fine particles, a flocculation
step for removing colloid substances and very fine dirt 30 particles, a
sterilization, a softening and a desalting of the raw water. Subsequently,
the water thus treated is, in the make-up section, degassed, deionizeg
and treated with UV. A further UV treatment can be provided  - 2 - during
polishing. In addition, the polishing generally comprises further
deionization processes and also at least one ultrafiltration step. [004] The
raw water to be treated generally contains organic constituents or
impurities which must be removed as far as possible during the treatment.
Occasionally, the total content of organic constituents in the raw water can
even exceed a value of 5 ppm (parts per million). 



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 removing nitrogenous organic
compounds, in particular urea and urea derivatives, since these have
proved to be particularly interfering in semiconductor pxoductHon.
However, experience has shown that low-molecular-weight nitrogenous
organic compounds, especially, may be 20 removed only with great
difficulty _- water treatment processes. conventional   [0006] Surface
water frequently has a very high concentration of nitrogenous organic
compounds, in particular in regions utad intensively for 2- agriculture. In
these regions the concentration of nitrogenous organic compounds in
surface water is increased primarily by tho intensive use of nitrogen-based
fertilizer. [0007] Rvdzewski et al.(Ultrapure water(r) November 30 2003,
pages 20-26) propose adding sodium bromide and ozone to a water
stream for removing nitrogenous organic compounds, in particular urea.
By means of the ozone a part of the added sodium bromide is oxidized,  -
3 - and hypobromite is formed which in turn can react with nitroaenous
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 added separately for this to the water stream, wherein
according to Rydzewsai et al. the sodium bromide must be added
upstream of the ozone addition in order to achieve optimum mixing of the
two components tho water stream. Rydzewski et al, found that Hn this 



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 hypobromite concentration (for a
breakdown of urea from 25 pbb to 5 ppb, a hypobromite concentration of
approximately 20 ppm is recommended). Correspondingly they propose
adding sodium bromide and ozone to the water stream in very high
amounts which of course disadvantageously 20 greatly increases the total
ionic load of the water stream. Downstream separation stages are
especial". occasionally considerably impaired by the ionic loading which is
introduced. Furthermore, high' concentrations of the strong oxidizing agent
hypobromite can cause considerable material problems. In particular in
the case of ozone this is moreover a relatively expensive reagent, and it
must be freshly generated Hmmediatel before use with a high demand of
equipment resources. Also from economic aspects, the procedure
proposed by 30 Rydzewski et al. is therefore capable of being optimized.
[0008] Separating off nitrogenous organic compounds from a water
stream by means e5 hypobromite is also a topic of CF 09094585. From
this it is known to add sodium bromide and sodium hycochlorite in
combination with a flocculent to a water stream nich 4 be  - 4 - treated.
Sodium hypochlorite, just as is ozone, is able to oxidize the bromide to
hypobromite. In a first step the flocculent and the sodium bromide are
added to the water stream. Not until after the substances which have 5
flocculated out have been separated off by means of a filter is the sodium
hypochlorite added separately to the water stream in a further step.
However, this procedure already does not appear to be optimal, because
a flocculation step is generally performed in a 10 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 still has
high contamination due to impurities of all types. A targeted reaction of
nitrogenous organic 15 impurities with hypobromite is therefore
impossible, which means that hypobromite must be generated in very high
concentrations in order to ensure efficient removal thereof. [0009] The
object of the present invention is to 20 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 is taken into account. The solution according to the invention
should, 25 compared with the procedures known from the prior art, be, in
particular, more economical with at least the same efficiency.  [0010] This
object is achieved by the process having the features of claim 1 and also
the water treatment 



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 provided 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 which are present in the water are separated off,wherein
an aqueous hypobromite solution is addedto the water stream after the
water stream is passed through at least one filtration stage and/or at least
one ion- 10 exchange stage and/or at least one reverse osmosis stage
and wherein the water stream is passed through at least one reverse
osmosis stage after the addition of the hypobromite solution and wherein
by means of the addition of the 15 hypobromite solution the stoichiometric
ratio of free bromine to organic nitrogen compounds in the water stream is
set to a value greater than 2:1 and less than 50:1. 



[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 organic species present      in the
water stream are separated off, wherein the 25 water treatment system
comprises  asrst means for separating off inorganic and/or organic
species from thewaterstreamatleastone 30filtration unit and/or at least one
ion exchange unit and/or at least one reverse osmosis unit,  - 4b - 0 as
second means for separating off inorganic and/or organic species from the
water stream a. reverse osmosis unit, and 



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 process 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. [0012] In
particular, the process according to the 10 invention serves for treating
water which contains nitrogenous organic compounds such as urea as
impurities. [0013] Particularly,a processaccording to the invention is
distinguished in that an ag eous hypobromite solution is added to the
water stream in at least one of the stages. The process according to ^
invention therefore differs from the above-described prior art in that
individual components which only react with one another to form
hypobromite after mixing 



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
concentration of hypobromite may be determined in the water stream,
which maximum concentration is no longer exceeded downstream. The
hypobromite solution is preferably 30 added continuously to the water
stream. [0014] Surprisingly, it has been proved that by introducing this
measure, the s oichiometric 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
water stream. This may be attributable to the fact that in the case of
separate addition of individual components, for example sodium bromide
and ozone or sodium hmdrochlorite, according to Rydzewski et al, or
according to JP 09094585, respectively, the reaction for generating 10 the
hypobromite proceeds in a greatly retarded manner (or, in particular at low
pH, also broceeds very incompletely), since the individual components are
present in great dilution in the water stream  In both cases, the formation
of hypobromite, the concentration 15 of which is still zero immediately
after the addition of the individual components, proceeds correspondingly
slowly and incompletely. According to the present process described, in
contrast, a hypobromive solution which is immediately active is added to
the water 20stream. [0015] In the context of the present application a
hypobromite solution is to be taken to mean generally an aqueous solution
which. comprises OBr- ions and/or HOBr. In the present case,
correspondingly, the 25 expression "hypobromite" is taken to mean HOBr
and/or OBr- ions. [0016] Preferably, according to the invention, the 



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. The inorganic bromide used can in
principle be all inorganic bromine compounds which dissolve in water n
the formation of bromide ions, that is to say, for  -    least one alkal metal
bromide and/or alkaline earth meta] bromide is sodium bromide in
particularly preferred embodiments. The at least one oxidizing agent is
preferably a hypochlorite compound, in particular sodium hypochlorite.
The lather is preferred, in 



10 particular, also for reasons of costs, since it is relatively cheap
compared with ozone, for example,    aspect, is not very stable. In
aqueous 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
which are present in the water are at least in part oxidized and can readily
be removed from the water stream subsequently. In particular, urea may
be reacted readily with hypobromite. In this case, inter alia, molecular
nitrogen and also carbon dioxide 25 are formed which may be removed
relatively readily as gases (see formula I): [0019]C0(NH2)23 OBr-2 H20
(Formula I) [0020]The bromide ions formed in the reaction can
(optionally together with further ions introduced into 30 the water stream in
combination with the hypobromite treatment such as,excess bromide ions
from the inorganicbromideusedorchlorideionsfrom 



- 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
be fed into the reaction vessel, to which water the at least one inorganic
10 bromide and the at least one oxidizing agent are added. The at least
one inorganic bromide and/or the at least one oxidizing agent can,
example, be added from separated storage vessels in which the reactants
are present as aqueous solutions. Addition as solid is also conceivable in
each case, in the case of the oxidizing agent, optionally also as a gas.
[0022]In particularly preferred embodiments of the process according to
the invenbion, however, the aqueous hypobromite solution which is added
to the 20 water stream to be treated Hs a bromide-ion-containing carrier
stream to which the at least one oxidizing agent is added before it is fed
into the water stream which is to be treated. The addition of the oxidizing
agent proceeds as in the above process variant preferably in upstream of
a reaction vessel suitable for the generation of hybobromite, in which
reaction vessel the bromide ions which are present in the carrier stream
are at least partially oxidized to hypobromite. 30[0023]The carrier stream
is 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]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 agalr,. Preferably, this stage is at
least one reverse osmosis stage. [0025]In a development it is preferred
that the carrier stream is fed with retentate from the as least one reverse
osmosis stage. in the retentate, the ions 10 which are being removed are
concentrated, including in the present case, in particular, also bromide
ions. In this embodiment, correspondingly, bromide ions need not
obligatorily be added separately to the carrier stream. Instead, it already
has a fraction of bromide ions which optionally only need to be
supplemented by adding the at least one inorganic bromide. The total
consumption of the at least one inorganic bromide can be kept
correspondingly very low which can have a very beneficial effect on the
economic efficiency of the mo process according tovent ion. [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 treated in an anion exchanger
loaded with Br- ions. In the anion exchanger, for example chloride ions
which are present in the retentate can be removed and replaced by
bromide ions. This HR expedient, for example, when the oxidizing agent
used is a hvpochlorite. PO[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 II, in particular between
8.5 and 9.5. It has been established that the breakdown of nitrogen  - 10 - 



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.
[0028]Beforetheadditionofthehypobromite solution, the water stream
generally preferably has an 10 essentially neutral pH or an alkaline pH,
depending on which workup stage it has passed through before the
addition. [0029]The pH of the hypoPromibe solution itself    also
conceivable, COD example in the event of use of hydrogen bromide as
the at least one inorganic bromide compound. 20[0030]Preferably, the
hypo romite solution is added to the water stream in a volumetric ratio
between 1:10 and 1:30000, preferably between 1:100 and 1:10000,
particular between 1:300 and 1:3000. [0031]For production of the
hypobromite solution, he 25 at least one oxidizing agent is mixed and
reacted with the bromide ions from the at least one inorganic 



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
bromine" in the present case should be taken to mean the amount of
bromine, in particular in the form. of HOBr and/or OBr-, which can be
determined by what is called the DPI method (see below). However, care
should be taken to ensure that the concentration of free bromine in the
solution does not exceed a value of 1040 9/1. [0033]For production of the
hvpobrmite solution using a hypochlorite as oxidizing agent, the
concentration of free chlorine (similarly to the above definition of "free
bromine", "free chlorine" in the present case should be taken to mean the
amount of chlorine, in particular in the form of HOCI and/or GC-2-, which
can be determined by the abovementioned DPI-) method) in the mixture of
oxidizing agent and the at least one inorganic bromide is set preferably to
a 20 value between 0.12 /I and 120 g/1, in particular between 0.3 g/1 and
30 oil, particularly preferably between 1 g/1 and 75 g/l. Generally the
amount of free chlorine correlates directly to the amount of added
hypochlorite. 25[0034]The DPI method is known to those skilled in the art.
According to this method, for determination of the concentration of
chlorine or free bromine in a solution, the free bromine and the free
chlorine are reacted with DID (N,N-diethyl-1,4-phenyienediami. 30 The
concentration of the resultant compound can be determined
photometrically, for example using a "Swan Chematest 20s" type
photometer from Swan Analytische Instrumento AG, Switzerland. The free
chlorine can be masked chemically before the addition of DPI and so the 



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 difference. [0035]Preferably, in the
hypobromiteoduction the at least one oxidizing agent is allowed to act on
the bromide ions from the at least one inorganic bromide for between 30
and 3000 seconds, preferably between 60 and 600 seconds, in particular
between 120 and 10 300 seconds,in particular in the abovementioned
reaction vesselsuitable for the generation of  hypobromite. After this time
has expired, generally an      equilibrium between hypobromite has
formed, 15is therefore essentially 



[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 of the hypobromite solution, to
establish a concentration of free bromine in. the water stream of not
greater than 10 mg/I, preferably between 1 mg/I. and 10 mg/1, in
particular between 2 mg/I and 5 mg/i. At these concentrations the reaction
proceeds according to 30 formulagenerally rabidly enough. In addition, at
these concentrations, material problems as a consequence of the oxi
'ative potential of the bromine compounds are generally not expected.
[0037]Preferably, according to the present invention, the stoichiometric
ratio of free bromine to organic nitrogen compounds in the water stream is
set to a value greater than 2:1 and less than 50:1, preferably between 2:1
and 20:1, in particular between 2:1 and 10:1, particularly preferably
between 5:1 and 10:1. An efficient remo-va.l or organic nitrogen
compounds at such a low concentration of free bromine is not known to
date from the prior art. 10[0038]Preferably, a reducing agent is added
after a time of action to the water stream which was admixed with the
hypobromite solution, which reducing agent is able, in particular, to reduce
hypobromite ions and hypoc lorite ions. The addition of the reducing agent



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
stream is all owed to act on the organic nitrogen compounds which are
contained in the water stream. Preferably, the of action is between i
minute and 1 hour, in particular 25 between2 minutesand30
minutes,particularly preferably between 10 mHnuv=s and 20 minutes.
[0040]The reducing agent, in particularly preferred embodiments, is
hydrogen peroxide. Hydrogen peroxide is particularly suitable since, as a
nonionic compound, it 30 can react to completion with hypobromite with
hypochlorite in a virtually "residue-free" manner.. Optionally, excess
hydrogen peroxide can be removed without problems in a subsequent
stage, for example by means of UV irradiat-on.   [0041] Alternatively, or
additionally to, the hydrogen peroxide, for example reducing sulfur
compounds, for example thio sulfates or particular also sodium bisulfite
(Na25205), can also be added to the water stream as 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 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
the water stream which is to be treated preferably at the end of the 15
pretreatment section or at the start of the make-up section_ Preferably,
upstream of the addition of the hypobromite solution, 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/or at least one filtration of the water stream using an activated carbon
filter and/or at least one treatment in an ion exchanger and/or at least one
reverse osmosis stage, all these stages, particular, being within the 25
pretreatment section. Downstream of the addition of the hypobromite
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 least one UV treatment and/or at least one
treatment in an ion exchanger (in particular in a mixed-bed ion exchanger)
and/or at least one ultrafilt ration. Such a positioning ensures that, at the
time point of the addition of the hypobromite solution, the water stream
which is to be treated is already freed from a substantial part of the
impurities which were originally present. This has the advantage that the
reaction of the organic nitrogen compounds which are contained in. the
water with the hypobromite can proceed substantially unimpaired by
further ionic and nonionic constituents, and so the hypobromite
concentration can be kept relatively low. [0043] A water treatment system
according to the invention serves, in particular, for carrying out the
above-described process. It comprises one or more means 10 for
separating off inorganic and/or organic species from a water stream.
Particularly, a water treatment system according to the invention is
distinguished by at least one device for generating hypobromite solution
which is connected to the stream via at least one 15 hypobromite feed
line. [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 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
embodiments of the at least one inorganic bromide and the at 'Leash one
oxidizing agent, reference can be made to the corresponding details
above. Preferably, the at least one inorganic bromide and the at least one
oxidizing agent are present in the storage vessels in the form of their 30
aqueous solutions. The at least one reaction vessel preferably comprises
means for mixing these aqueous solutions.  - 16 - reaction vessel. The
residence time of the mixture of inorganic bromide and oxidizing agent in
the reactor is preferably between 30 and 3000 seconds, as already
defined above. [0046]Preferably, a water treatment system according to
the invention comprises at least one storage vessel for at least one
reducing agent, in particular for a reducing agent which is able to reduce
hypobromife and sypochiorite. In this case the at least one storage vessel
for the reducing agent is connected to the water stream preferably via at
least one reducing aaent feed line downstream of the at least one
hypobromite teed line. With regard to preferred embodiments of the at
least one reducing agent, likewise reference can be made to
corresponding details above. [0047]Parthcularly preferably,a water
treatment system_ according to the invention comprises an oxidation
reactor which is arranged downstream of. the hypobromdte feed line and
is arranged upstream_ of the 20 reducing agent feed line. In the oxidation
reactor, t le reaction tt_ 



,= 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 action. The at least one oxidation
reactor can comprise means for mixing the water stream in order to
ensure efficient degradation of the nitrogen compounds. [0048]Preferably,
a system according to the invention 30 comprises, as 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 which is or are arranged upstream of the
hypobromite feed line.  - [0049]in addition, it is preferred that a sys
according to the invention comprises, as means for separating off
inorganic and/or organic species from the water stream, at least one
reverse osmosis unit and/or at least one degassing unit and/or at least
one UP 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
hvpobroraite feed line. [0050]In the present case, in particular multimed a
10 filters and activated-carbon filters are used as filtration units. The at
least one ion-exchange unit can comprise not only cation and ahion
exchangers, but also mixed-bed ion exchangers.    of the at least one
reducing agent feed line and which is connected to the at least one device
for generating 



bobromite solution via a return I inc. Preferably 20 bromide-containing
retentate as carrier stream can be 5.ransferroA from the at least one
reverse osmosis unit to the at least one reaction vessel suitable for
generating hypobromite via turs4= return line. By introducing oxidizing
agent into the rcaction vessel, 25 the bromide in the carrier stream can be
oxidized. The hypobromite-containing carrier stream thus obtained can
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
downstream of the at least one reducing agent feed ne, in which filtration
unit excess reducing agent and/or chlorine and/or bromine can be
decomposed. As  - 18 - such, in particular an suitable. vated-carbon filter
is  



[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 reducing adent feed line. The anion
exchanger is expediently arranged between the reverse osmosis unit and
the at least one 10 device for generating hypobromite solution. Upstream
of the introduction of the carrier stream into the reaction vessel which is
suitable for generating hypobromite, the carrier stream can be treated by
means of the anion exchanger loaded with Er- ions, and so, for example,
Cl- ions and/or OH- ions which may be contained in the carrier stream are
replaced by Br- ions. [0054] Other features of the invention result from the
description hereinafter of preferred embodiments in combination with the
subclaims. In this case the 20 individual features can be implemented in
each case separately or as a plurality in combination with one another in
an embodiment of the invention. The ' particular embodimentsdescribed
serve only for      illustration and for better understanding of the
25invention and are in no way to be taken as restricting. [0055]n the
drawings: [0056] Fig. 1: shows a flowchart of a standard process for
ultrapure water production by the current prior art (process variant having
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
for producing ultrapure water.  - 19 - [0058] Fig. 3: shows a flowchart of a
process section of an embodiment of a process according to the invention
for producing ultrapure water (variant having partial recycling of the
retentate from a reverse osmosis stage and ion exchange via -loaded ion
exchanger). 



[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, the water which is to be treated is
transferred from the reservoir 101 via the filtrate water tank 102 into the
tank for deionized water 103. Between the reservoir 101 and the filtrate
water tank 102, it flows through a multimedia filter 104 and an
activated-carbon filter 105. Before introductioninto the
multimedia.filter104,a flocculent can be added to the water via the feer,
line 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 111, 112 and 113, acid (111) or hydroxide solution (112 and
113) are added as required. Via the outlet line 114, retentate from the
reverse osmosis unit 110 is removed. The pretreated water is
subsequently transferred to the 30 water reservoir 115. [0061] For
makeup, the water is passed from the clean water reservoir 115 into a
further reverse osmosis unit 116 (what is shown here is a process variant
having double-stage reverse osmosis; in the case of variants  - 20 -
having single-stage reverse osmosis, only the reverse osmosis unit 110 is
provided) Via the outlet line 117, retentate is removed from the reverse
osmosis unit 116, Downstream of the reverse osmosis unit 116, the water
is treated in a degassing unit 118, a DV treatment unit 119 and in a
mixed-bed ion exchanger 120. Via the feed line 121, acid and/or
hydroxide solution added as required. The water is subseduentiv
transferred to the water reservoir 122. 10[0062] For the Polishing, th.e
water is finally hulh_ner 



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 for producing ult ahure water. From a
storage vessel 201, Na0C1 is fed as oxidizing agent and from a storage
vessel 202, NaEr is fed to a carrier stream 203 fed from a reservoir which
is not shown, is 20 passed into a reaction vessel 204 suitable for
generating hyhobromite. The outflow of the reaction vessel 204 is
connected via a hypobromite feed line 205 to the water stream 206 which
is to be treated and which exits from the ion exchanger 208. The water 25
stream is 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 compounds. These are very largely broken
down in the oxidation reactor 207 by reaction 30 with the hypobromite. In
the outflow 209 of the oxidation reactor 207, H2C,7 can be added via the
reducing agent feed line 210 as reducing agent from the storage vessel
211. Subsequently, the water stream is passed via a reverse osmosis unit
212, a permeate water tank 213 of a UV oxidation unit 214 and a
mixed-bed ion  exchanger 215. In these, the ion loading introduced into
the water stream in the context of the hypobromite treatment and also
degradation products of organic nitrogen compounds can be removed. A
substream 216 is recirculated from the outflow of the mixed-bed ion
exchanger 215 to the permeate water tank 213. a -a a  result, the water
stream is relatively weakly ionized at the entrance to the UV oxidation unit
214, and so optimum transmission of the UP radiation is achieved.
10[0064] In Fig. 3, a process section of a further embodiment of a process
according to the invention for producing ultrapure water is shown. This
differs only in partial aspects from the embodiment shown in Fig. 2. The
-carrier stream 303 is not fed from a separate 



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 vessel 304 for generation of 20
hvpohromite. The resultant hypobromite solution is metered via the
hvpobromite feed line 305 into the water stream 306 which is to be treated
and which exits from the ion exchanger 308. In the oxidation reactor 307,
the reaction of the hypobromite with organic 25 nitrogen compounds
which are present in the water stream proceeds. In the outflow 309 of the
oxidation reactor 307, H202 as reducing agent is added from the storage
vessel 311 via the reducing agent feed line 310. In the reverse osmosis
unit 312 and the mixed-bed 30 ion exchanger 315 which are connected
downstream of the oxidation reactor 307, in particular the ionic loading
introduced into the water stream in the context of the hvpobromite
treatment and also breakdown products of organic nitrogen compounds
are removed. The UV 30 oxidation unit 314 serves in particular for further
principle, the permeate from the reverse osmosis brit 312 is processed
identically to the process variant as shown in Fig. 2. The retentate from
the reverse osmosis unit 312 contains, inter alia, bromide ions and
chloride 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 



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 after the water stream is passed through at least one
filtration stage  10 and/or at least one ion-exchange stage and/or at least
one reverse osmosis stage and wherein the water stream is 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 solution the stoichiometric ratio of free bromine to organic
nitrogen compounds in the water stream is set to a value greater than 2:1
and less than 50:1.  20 2.The process as claimed in claim in that the
hypobromite solution reaction of bromide ions from inorganic bromide with
at least agent which is able to oxidize the 25inorganic bromide.  3. The
process as claimed in claim 2, characterized in that the aqueous
hypobromite solution which is added to the water stream is a
bromide-ioncontaining carrier stream to which the at least 30one oxidizing
agent is added before PL 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 treatmentstage whichisarranged 35downstream of the at least
one stage in which the hypobromite solution is added to the water stream.



23a 5.The 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. 5 6The process as claimed in any one of claims 3 to 5,
characterized in that the carrier stream is fed  24 with retentate from at
least one reverse osmosis stage, which retentate was treated in an anion
exchanger loaded with Br ions. 7. The process as claimed in any one of
the preceding 5claims, characterized in that the water stream, after the
addition of the 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 to the water stream in a volumetricratiobetween1:10and1:30000, 



preferablybetween1:100and1:10000,in particular between 1:300 and
1:3000. 15 9.The process as claimed in any one of the preceding claims,
characterized in that, by means of the addition of the hypobromite
solution, a concentration of free bromine in the water stream of between 1
mg/I and 10 mg/1, in particular 20between 2 mg/1 and 5 mg/1, 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
solution, 25which reducing agent is able, in particular, to reduce
hypobromite ions and hypochlorite ions. The process as claimed in claim
10, characterized in that the reducing agent is hydrogen peroxide.  25 12.
The process as claimed in any one of the preceding claims, characterized
in that, after the addition of the hypobromite solution, the water stream is
5 passed through at least one degassing stage and/or at least one UV
treatment stage and/or at least one ion-exchange stage and/or at least
one ultrafiltration stage. 13. A water treatment system, in particular for 



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 water 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 and/or at least one reverse osmosis unit,  as second means
for separating off         inorganic and/or organic species from 25the water
stream a. reverse osmosis unit, and  at least one device for generating
hypobromite solution which is connected               to the water stream via
at least one 30hypobromite feed line, 



25a. wherein the first means is arranged upstream of the hypobromite
feed line and the second means is arranged downstream of the
hypobromite feed line. 5 14. The system as claimed in claim 13,
characterized in that the device for generating hypobromite solution
comprises at least one reaction vessel suitable for generating hypobromite
and/or at 10 least one storage vessel for at least one inorganic bromide
and/or at least one storage vessel for at least one oxidizing agent.  15.
The system as claimed in claim 13 or claim 14, characterized in that said
system comprises at 15least one 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
feed line. 20  26 16. The system as claimed in any one of claims 13 to 15,
characterized in that said system comprises an oxidation reactor which is
arranged in particular 



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
comprises, as means for separating off inorganic and/or 10 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/or at
least one ultrafiltration unit which are arranged downstream of the
hypobromite 15feed 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, 20 which reverse osmosis unit is connected 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 anion
exchanger 25 which is loaded with Br- ions and is arranged between the
reverse osmosis unit and the at least one device for generating
hypobromite solution. 


