Description Treatnment of water, particularly for obtaining ultrapure
water The invention relates to a process for treating water, in
particular for obtaining ultrapure water. The invention further
relates to a water treatnment system and counter-current ion exchange
unit for carrying out such a process. The treatnent of water is
currently of constantly increasing inportance, in particular in the
field of obtaining drinking water,Dasdigiogo i n the production of

hi gh-purity process water. Particularly high demands are nade in
respect of the water purity, in particular in the latter case, for
exanpl e in the Taaatnent of watars partiaariwidcabtaivingagtiapede watehe
production of sem conductors. For instance, in sem conductor
production, water having an extrenely high degree of purity is

requi r dnerBYeRtipsHElRies Id 7 emrenafietieating water.iio prdiculgrtfer oksBiningnditrapure

pr ocessgesier. The iddadtbhTartR& r%iatéQEo RURAMCHOG e s T &M 4Bl A8 B dtYon

wat er can be surface water, for exanple river water, or ground water
(for eSXRPARONNT IOR&PEYNY °FH|S§CP§ RrOEPSSal |y purified in a multistage
process conprising a pretreatnent section, what is ternmed a "nmake-up"

sectio nd what |s terned a "palishin section. The pretreatnent
gener aﬁw%mﬁpi‘é#s water b?a?‘frf@rfmyaﬂf cgﬁgta@gy HTe2§ing irpeeriives tepartiewar in

renovi tige fieldgi obtuinifiy melnaagtwaxbeSarﬁl also m;e@tpraaumm dl Iﬂ@ﬁl?éhﬂtfyl BcSdLP
ry fine

for rem)ln collob/ ;i tances an Ogll‘t artic
adsor pt1 ger g)t Mg CEPRLSFER ™ 'Inl"??pe%{ fSE PUEDe i) aﬂﬁvsskarw
de- mi nénalaﬁsabasm fst exaropletin the easaral @ocdys WaRS whicH 4 rﬁkﬁﬁuh@d\mheh

e water thus

resins S ranes. _Subseque
treat e&MC%” O?égmc%%‘*%r%i g 'g??a”%%é%%‘&?o HF@ﬁPﬁ%‘HJC&HB Vrleahaying
w th Udn eﬂctrbmetlhbtghme@'eeaf perity is eenUiredfoowidaidg dilicongvgiels], shpargculbn
addi ti QRgr éf&ﬁ:r@%ﬂoé@%ﬁ% general ly conprises further deionization

I'so at Te [

processes an ast one ultrafiltration step. The raw wat er
to be treated generally contains inorganic and organic constituents
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section, and what is termed a “polishing” section.

The pretreatment generally comprises in particular one or more filtration steps for
removing rough and fine particles plus eventually a flocculation step for removing
colloid substances and very fine dirt particles, an adsorption step (activated carbon
usually), a softening step and/or a de-mineralisation step of the raw water by means of
ion exchange resins and/or reverse osmosis membranes. Subsequently, the water thus
treated is, in the make-up section, degassed, deionized and treated with UV. A further
UV treatment can be provided during polishing. In addition, the polishing generally

comprises further deionization processes and also at least one ultrafiltration step.

The raw water to be treated generally contains inorganic and organic constituents or
impurities which must be removed as far as possible during the treatment. As regards
such constituents and impurities, respectively, it is particularly referred to organically

bound carbon (“total organic carbon, TOC”), silica and boron.



Boron can usually be renoved as boric acid by neans of strong base
ani on exchangers. However, the affinity of these exchangers for boron
is generally lowresulting in a |low renoving capacity (ngram boron
per liter strong base anion exchanger) and in a very early

br eakt hrough (el ution) of boron. Typically, boron breaks through as
the first inpurity when the strong base ani on exchanger becones
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e|UtiOQxd%§§§§ tively of silica is detected at an outlet of a strong
base anion changer, normally boron is already eluted to at |east a
significant extent. Thus, for controlling boron renoval, according to
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invention is to provide a technical solution for treating water, in
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addresses an optim zed control of boron breakthrough and reduced
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dependent clainms 11 to 15.

However, this approach suffers from the withdrawal that no real boron control is
possible (except through grab samples for laboratory measurements). Further this
conventional process is only possible as long as the boron concentration in the feed
water is stable and does not exceed a range of about 50 to about 100 ppb (parts per

billions).

Thus, the object underlying the present invention is to provide a technical solution for
treating water, in particular a process for producing ultrapure water, which especially
addresses an optimized control of boron breakthrough and reduced boron leakage,

respectively, especially at higher feed concentrations.

This object is achieved by a process having the features of independent claim 1, a
water treatment system having the features of independent claim 10 and a counter-
current ion exchange unit having the features of independent claim 16. Preferred
embodiments of the process are defined in dependent claims 2 to 9. Preferred

embodiments of the water treatment system are defined in dependent claims 11 to 15.



The wording of all clains is incorporated by reference into the
content of this description. A process according to the invention
serves for treating, in particular pretreating, of water. In
particul ar, the process serves for obtaining ultrapure water. The
process is especially useful for renmoving boron fromraw water,
preferably during a pretreatnent section for obtaining ultrapure
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For providing a decationized water stream, a cation exchange bed may be arranged

upstream of the first strong base anion exchange bed, in particular upstream of a weak
base anion exchange bed such as described in more details in the following, preferably
upstream of a counter-current ion exchange unit such as also described in more details

in the following.

The present invention is based on the finding that adding a further strong base anion
exchange bed downstream of a first strong base anion exchange bed results in a better
removal of boron from a water stream. The further (i.e. second) strong base anion
exchange bed advantageously catches the boron front which is displaced at an outlet
of the first strong base anion exchange bed. In that regard, the further strong base
anion exchange bed may be advantageously designed for removing specifically that

boron front.

Along boron, the second strong base anion exchange bed (like the first strong base
anion exchange bed) may advantageously serve for removing leakages of weak acids

such as organic acids, carbon dioxide, silica, or the like.



The term "strong base ani on exchange bed" as used according to the
invention relates to an exchange bed conprising a resin which bears
in its unloaded state cationic groups being capabl e of exchangi ng
anions. Suitable resins are typically polystyrene resins or

pol ystyrene based resins, preferably bearing quaternary amoni um
groups which are paired wth hydroxide ions as counter-ions in their
unl oaded st ate. The quat ernary annnniun1groups nay have one, two,
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accordi'ng to the invention relates to an exchange bed conprising a
resin, typically a polystyrene resin or polystyrene based resin,
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Furthermore, the terms “inlet” and “outlet” as used according to the invention are also

used in respect of the flow direction of the water to be treated.

For economic removal of free mineral acids and organic acids it is preferred to pass the
water stream at first through a weak base anion exchange bed which is arranged
upstream, in particular directly upstream, of the first strong base anion exchange bed.
In other words, it reflects a preferred embodiment of the invention to pass the water
stream (at least) through a weak base anion exchange bed, a first strong base anion
exchange bed being arranged downstream of the weak base anion exchange bed an
through a second strong base anion exchange bed being arranged downstream of the

first strong base anion exchange bed. The term “weak base anion exchange bed” as



In the following, the first strong base ani on exchange bed, the
second strong base ani on exchange bed and an optionally provided weak
base ani on exchange bed, in particular as detailed in the preceding
description, will be ternmed as "ani on exchange beds". In a preferred
enbodi ment, the anion exchange beds are connected in series.
Preferably, the second strong base ani on exchange bed is arranged
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st r onglhaseefenicaremiyslimege the dnnth-@Rafidé beddblty/ coirasisies sk, base
ani on exchange bed, in particular as descri bed above, are arranged or
conbined to forma counter-current ion exchange unit. This is in
parti c@referatly,aht ageonts siroes brsd anvnaexehiniebed i semtgdddiretiyhange

(thor odghrsl 8 ra B EREEfong BeRe 2R Rtrned B Tt ok Buairai byse
i n t he avicderxcheege éadaaybe bhanged dirdctt domgsthsse ofan aptiexal ryamgeudbed
t he fi (r\%tak%a Qg &?%fc@“b%%&%x%ﬂmgulgﬁgs %gﬂallgﬁ n?H’F ' aI l pd’e%crlgt

ak base anion exchange a very rege era gn gra e bf
t he sed’bﬁdahsawm"ghrbatésedemn%iremcmghrel@érd uaatdeem tr@aa@tac@ormdg tmihe

regenegﬁ;ebggn &Heﬁd% ok rdie fnbro?tse%rra%?n&%%f ?hagd Wr@%ﬂ?lﬁgéﬁs no

achi ev Furthernore, for regeneration e ani on exchange beds,
i n par fyrthsrdreating uside whﬁ&@ﬁ@r%@@@n&nﬂmuﬁt@ﬁaﬁgfe degassinmbgita very

| ow amguniRfioAdfit IRRAe 6SHESE LA SNtha ik} é%&éﬁdéé%@%@n thd edchange
further embodinment, an inert resin [ayer is arrandged between an

optronQPﬂ? provrded weak base ani on exchange bed, in particular as
detailed in the present description, and the first strong base anion
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and an optionally provided weak base anion exchange chamber.

However, according to an especially preferred embodiment, the anion exchange beds,
i.e. the first strong base anion exchange bed, the second strong base anion exchange
bed and an optionally provided weak base anion exchange bed, in particular as
described above, are arranged or combined to form a counter-current ion exchange
unit. This is in particular advantageous inasmuch as a counter-current ion exchange

unit facilitates regeneration of the anion exchange beds in series (thoroughfare



In a further enbodinent, an inert resin layer is arranged between the
first strong base ani on exchange bed and the second strong base anion
exchange bed. Preferably, the resin layer is directly arranged at the
outlet of the first strong base ani on exchange bed. Thus, it can be
circunvented that an inlet of the second strong base ani on exchange
bed is blocked by a resin used for the first strong base anion
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ani on exahaBIRKBE Yy a resin used for the first strong base anion exchange bed. The inert
resin layer may further include a nozzle which may serve as an outlet for sampling
water to be tested in respect of an impurity concentration, in particular other than boron
concentration. Preferably, the nozzle serves as an outlet for sampling water to be
tested in respect of silica concentration, as will be described in more detail in the

following.

In a further embodiment, an inert resin layer may be arranged between the second
strong base anion exchange bed and an outlet of a counter-current ion exchange unit,
in particular as described in the present description. Preferably, the resin layer is
directly arranged at the outlet of the second strong base anion exchange bed. Thus, it
can be avoided that the outlet of the counter-current ion exchange unit is blocked with

resin of the second strong base anion exchange bed. Further, the resin layer



The silica concentration is typically nonitored by neans of a silica
anal yzer. Preferably, the silica concentration is nonitored by means
of an online silica analyzer. Suitable online silica analyzers are
sufficiently known to a person skilled in the art. Such anal yzers are
typically based on the heteropoly blue nethod for neasuring
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concentration, in particular silica breakthrough, exceeds a defined
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Al t ogebkdr, the enbodi nents described in this paragraph contribute to
a significantly reduced risk of boron breakthrough fromthe second
strong base ani on exchange bed, and thus to a significantly reduced
ri sk oMagipagferaly silidssmquidenng isaerioemed dyoneasiying siliqeabreakibreuwghaand
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preferably, the anion exchange beds are regenerate en the silica
concentration exceeds a defined threshold value, typically a very | ow
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(parts per billion), at the outlet of the first strong base anion

exchange bed. According to a further expedi ent enbodi ment, boron
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Such analyzers are typically based on the heteropoly blue method for measuring
molybdate-reactive dissolved silica. A person skilled in the art is sufficiently familiar with

this method. Thus, it is refrained from any further comments thereon.

Expediently, the silica analyzer is connected to the first strong base anion exchange
bed, in particular to an outlet of the first strong base anion exchange bed, or to a nozzle
downstream of the first strong base anion exchange bed via a silica sampling line. The
nozzle is preferably arranged between the first strong base anion exchange bed and
the second strong base anion exchange bed. More preferably, the nozzle may be

located in an inert resin layer which is arranged between the first strong base anion



More specifically, the boron concentration nmay be nonitored by
measuring the boron breakthrough and elution, respectively, fromthe
second strong base ani on exchange bed. The boron concentration is
typically nonitored by neans of a boron analyzer. Preferably, the
boron concentration is nonitored by neans of an online boron

anal yzer. A suitable boron analyzer is sufficiently known to a person
ski | | egxthartdechedt ind Bucsecmal stzew baschasad enchdriye war firh bgseof thei pl e
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such a i id groups. The strong acid cation exchange bed
advant %85“6%?’3 %r%'m for reducing sodiumcation concentration in the

boron sanpling line, thereby increasing resistivity (decreasing
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concentration exceeds a defined threshold value, typically a very low threshold value
such as a threshold value of approximately 20 ppb (parts per billion), at the outlet of the
first strong base anion exchange bed.

According to a further expedient embodiment, boron concentration, preferably in an
operational state of the process, is monitored in the water stream downstream of the

second strong base anicn exchange bed.

More specifically, the boron concentration may be monitored by measuring the boron
breakthrough and elution, respectively, from the second strong base anion exchange
bed.

The boron concentration is typically monitored by means of a boron analyzer.



exchange bed facilitates reduction of sodiumcation concentration

bel ow 1 ppb (part per billion). The strong acid cation exchange bed
is typically configured as a colum, preferably as a small col um or
cartridge which can be filled with one way resin. Advantageously, the
treatment process is interrupted and the anion exchange beds are
regener ated when the boron concentration exceeds a defined threshold
val ue, Prefeedhty, dbé porort toreshbbtion &l menitdred QY rapang poar snmﬁ béﬁoh@ria@t)er.
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achi eved wthin an operation m)dus terned as “upflow
exhausti on/ downfl ow regenerati on"” (such as depicted in Fig. la and
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exhausti on/ upfl ow regeneration” (such I ct in Fig
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r egenegmbieg bhse bhen%@ﬂénéé BEYEReRIraBly dodhsHRGRNSK §Eél9ﬂgr-9@§§nﬁ8h on
exchange bed, the first stron base ani on exchange bed and an

opt i on&ERA rﬁredwb%‘admw%% SRiesRdERdRestRti®ed, in particul ar as
illustrated in the preceding descrl ption. By doing so, a very high

t f th t base ani on exchange bed and
o ealt ol e B et e e RETUPeRB RIS 1 ot PoMgORaE A e

exchangeodesd (amlmea,chmyam @dva‘ﬁtﬁgeroegea icbasnresistivie ofthicoRatex ehange
articular war, m.a I
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base anion exchange bed, in particular downstream of a counter-current ion exchange
unit as described in the preceding description. Expediently, the strong acid cation
exchange bed is arranged upstream of the boron analyzer. The term “strong acid cation
exchange bed” according to the invention relates to an exchange bed comprising a
resin, typically a polystyrene resin or a polystyrene based resin, which bears in its

unloaded state strong acidic groups such as sulfonic acid groups.

The strong acid cation exchange bed advantageously allows for reducing sodium
cation concentration in the boron sampling line, thereby increasing resistivity
(decreasing conductivity) of the water stream. Preferably, the strong acid cation
exchange bed facilitates reduction of sodium cation concentration below 1 ppb (part per
billion). The strong acid cation exchange bed is typically configured as a column,

preferably as a small column or cartridge which can be filled with one way resin.

Advantageously, the treatment process is interrupted and the anion exchange beds are

regenerated when the boron concentration exceeds a defined threshold value,



However, according to a preferred enbodi nent, the first strong base
ani on exchange bed and the second strong base ani on exchange bed are
made fromdifferent resins. For instance, the first strong base anion
exchange bed may be made froma conventionally gel-type resin
(surface pores dianeter typically in the range of 1 nnm, while the
second strong base ani on exchange bed may be nade from a macroporous
resi n pszfefadea panessoldivaiet ef 100/ ppioakity pieﬂtrﬁlhm)rmn@e e@bn Heavy muctuSticrs
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water streamtreatnent as illustrated in the precedi ng description
represents a treatnent section within an overall process of a water
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section and a polishing section. Wthin this chain, the water stream
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Pr ef er abl th ter tr by a process according to the invention
i s def PREEPI ‘g'rbo %"&fﬁ?@ét?)atl on bel ow 100 ppt (parts per

trillion). For further features and advantages of the process
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addi t i enede 9f f@@rfmh %s@@ngaﬁ@eﬂnlmgecmg@rb@@hm@ev@@w which is
arranged upstream in particular directly upstream of the first

strong base ani on exchange bed.
For regeneration of the anion exchange beds an alkaline solution, in particular a warm

alkaline solution, preferably a solution having a temperature ranging from 35 °C to 40
°C, may be used. Preferably, the alkaline solution is a sodium hydroxide or potassium

hydroxide solution, preferably a sodium hydroxide solution.

Generally, the first strong base anion exchange bed and the second strong base anion

exchange bed may be made of the same resin.

However, according to a preferred embodiment, the first strong base anion exchange
bed and the second strong base anion exchange bed are made from different resins.
For instance, the first strong base anion exchange bed may be made from a
conventionally gel-type resin (surface pores diameter typically in the range of 1 nm),
while the second strong base anion exchange bed may be made from a macroporous
resin (surface pores diameter typically in the range of 100 nm). Such a macroporous

resin typically allows for a better removal of organics (by adsorptive interactions) than
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Preferably, the first strong base ani on exchange bed, the second
strong base ani on exchange bed and an optionally provi ded weak base
ani on exchange bed, in particular as described above, in the
following termed as "ani on exchange beds", are arranged in series.
More preferably, the anion exchange beds are conbined to forma
counter-current ion exchange unit. The system may further conprise a
si | i cacamgnjipaal gaiike se$ing duartalayatter iebitioneff ¢naldrge argamigechiequids eam

f th i h i ca
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exchanggqdifgd 1Y bardh §6rhltﬁé tt)égggnl ine. The system may further
conprise a boron anal yzer. The boron analyzer is preferably arranged

downstream of the second strong base ani on exchange bed. Preferably,

t he boppsterdbl, YBE waitsr SRS LSS a%ﬂihﬁ&#dt@& iPfhel 8cSRRQ B@s&%;rtraﬂg
base ani on exchan e bed, in particular of a counter-current ion
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t
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further ani on and/or cation exchange bed or the like. Wth respect

or ecodt ARl e FR VR B0 EReSe pou BB b By InValo BN iR bt

i nvent borgn concentration below 100 ppt (parts per trillion).

For further features and advantages of the process according to the invention,

reference is made in its entirety to the following description.

The invention further relates to a water treatment system, typically a decationized water
treatment system, in particular for carrying out the process according to the present
invention. The system comprises a first strong base anion exchange bed and a second
strong base anion exchange bed which is arranged downstream, in particular directly

downstream, of the first strong base anion exchange bed.

In an expedient embodiment, the system additionally comprises a weak base anion
exchange bed which is arranged upstream, in particular directly upstream, of the first

strong base anion exchange bed.

Preferably, the first strong base anion exchange bed, the second strong base anion
exchange bed and an optionally provided weak base anion exchange bed, in particular
as described above, in the following termed as “anion exchange beds®, are arranged in

series,

I



Furthernore, the invention pertains to a counter-current ion exchange
unit. The counter-current ion exchange unit serves, in particular,

for carrying out the process according to the present invention. The
unit is especially useful for renoving boron fromwater, in
particular during a pretreatnment section for obtaining ultrapure

wat er. The counter-current ion exchange unit conprises a first strong
base aMwa pesiehahigdhdedicamekchasge dreds stre ongbbesitodnimr muobargerdne tbn
whi ch iS4, d downstream in particular directly downstream of
the first strong base anion exchange bed. In an expedient

enbodi nent, the counter-current ion exchange unit additionally

conpri §gg s%@%%ﬁhéﬂb&ﬂpﬁé@g%ﬂﬁﬁ eﬁ%ﬂ/ Whi-EH élﬁ’céaéﬁ%g%qs #P&Efa%wn

in partlcular diréctly upstream of rst stron
exchang&apead upsireamaf fes sewtwgawea@wameagwga ped. & xpegigntly, the

expli cighiky ah@%@éf %Q:dn‘ﬁekfé% BRI B HRSHE QFdr@’bé@éﬁlgh Rt e bed or

process according to the Present I nvention. features of

i nvent tOA P& ONHierhe! hediEst Sﬁ‘fqr@lrpar?@r%h‘?@ @?‘CQﬁngﬁrl@de‘f'? éf’ds'“ca
enbodi BBRIpEing Mneéonbi nation with dependent clains. In this case the

I ndi vi dual features can be inplenented in each case separately or as
a plurality in conbination with one another in an enbodi nent of the

i nvent iTow.sy$teen Wytﬂjﬁhéﬁd’;o:ﬁﬁbﬁ_dh BRRGrS aB &1y Y. (Fﬁby')of'@i ahdllzstis aréfembind
for a hetter  under

of the invention_ an in n to b
t aken 40epaed RRPRTEEM o1 Soatrilatne Pasd AN cefhrnad vaf oty e
f | owch&ptoroénalpzezridodnmested 6 ab beatlpr afdks Second strong base anion exchange
bed, in particular of a counter-current ion exchange unit as described above, via a

boron sampling line.

Further, the system may comprise a strong acid cation exchange bed which is

preferably arranged in the boron sampling line upstream of the boron analyzer.

Furthermore, the system may comprise at least one filtration unit, in particular
ultrafiltration unit, flocculation unit, sterilizing unit, softening unit, desalting unit,
degassing unit, deionizing unit, UV treatment unit, reverse osmosis unit, further anion

and/or cation exchange bed, or the like.

With respect to further features and advantages it is explicitly referred to the preceding

description regarding the process according to the present invention.

Furthermore, the invention pertains to a counter-current ion exchange unit. The
counter-current ion exchange unit serves, in particular, for carrying out the process
according to the present invention. The unit is especially useful for removing boron

from water, in particular during a pretreatment section for obtaining ultrapure water.
The counter-current ion exchange unit comprises a first strong base anion exchange
bed and a second strong base anion exchange bed which is arranged downstream, in

particular directly downstream, of the first strong base anion exchange bed.
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according to the invention in an upfl ow exhausti on,

Fi g. 1bschematically shows a flowchart of an enbodi nent of the process
according to the invention in a downfl ow regenerati on,

Fi g. 2a: schematically shows a flowhart of an alternative enbodi nent
of the process according to the invention in a downfl ow exhausti on,
and Fi g.2b: schematically shows a flowhart of an alternative

enbodi nent of the process according to the invention in an upflow

regenefiahh @Rpedient embodiment, the counter-current ion exchange unit additionally
comprises a weak base anion exchange bed which is arranged upstream, in particular

directly upstream, of the first strong base anion exchange bed.

For further features and advantages, it is also explicitly referred to the preceding

description regarding the process according to the present invention.

Other features of the invention result from the description hereafter of preferred
embodiments in combination with dependent claims. In this case the 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 embodiments serve only for
illustration and for a better understanding of the invention and are in no way to be taken

as restricting.

In the drawings:

Fig.1a: schematically shows a flowchart of an embodiment of the process

according to the invention in an upflow exhaustion,

Fig.1b schematically shows a flowchart of an embodiment of the process

according to the invention in a downflow regeneration,

Fig.2a: schematically shows a flowchart of an alternative embodiment of the

process according to the invention in a downflow exhaustion, and

Fig.2b: schematically shows a flowchart of an alternative embodiment of the

process according to the invention in an upflow regeneration.
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Fig.la and Fig.1lb show a process according to the invention follow ng
an upfl ow exhaustion (in respect of the flow direction of the water
to be treated) and a downfl ow regeneration (in respect of the flow
direction of the applied regeneration solution). Fig.2a and Fig.2b
show a process according to the invention follow ng a downfl ow
exhaustion (in respect of the flow direction of the water to be

treat edfﬁg-én(ﬂr&lrFigplfb ehew egenessst aaording to depieventidn foiewirigoan dpfieet i on
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treatnent, in particular pretreatnent, the water, typically

decat i oni zed water, is passed through an inlet 102 of a

count efig2a Fipeib ehaw arjecess accpoding i thedinMgntionfelirwingse dawnBew
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i on ex€ A1 0 TeRpect ﬂEthﬁrﬂ%d'é‘%‘éW&rﬁéh%éﬂ@“eﬂl@gemwt'%:wk&io@)

connected in series, wherein the weak base anion exchange bed 110 is

directlé}/ arra elﬂ stream of th firs stron base ani on exchange
UeRE Ve

bed 12 54y =ied SpaiRBa S5 o oIRw kLR Blien ﬁerﬁtgta?mqq%
arr angelépln:p@:l inelRin 10és tekt aset0 ainel prddess gleprtel mrFign2exchange bed 130.
Thus, the water to be treated passes the anion exchange beds in the
sequence of the weak base ani on exchange bed 110, the first strong
base aifootregiruéranpepdridulaePretredirhont, tecwatbr stypieaty basaiofmiﬁe@nmme hange

bed 13 : .. Du k
b oRPaoe bt ARG e bE BLNEIAGACK: om0 RERR o flokidl A
aci ds awehkdrageranien etihdngg paktHY @ okt sthend bass asion @mghdnmbemr!m and a
exchanggcws bésﬁ?a%he&xchéné@bgb Breed fromsilica and carbon

di oxi de. Dependihg on resin usedwf?’or the first strong base anion
exchange bed 120, TOC may be renoved in addition by that exchange

bed. Within the counter-current ion exchange unit 100, the anion exchange beds 110; 120;
130 are connected in series, wherein the weak base anion exchange bed 110 is
directly arranged upstream of the first strong base anion exchange bed 120 and the
first strong base anion exchange bed 120 is directly arranged upstream of the second
strong base anion exchange bed 130.

Thus, the water o be treated passes the anion exchange beds in the sequence of the
weak base anion exchange bed 110, the first strong base anion exchange bed 120 and
the second strong base anion exchange bed 130 (as illustrated by the arrowhead).

During passage of the weak base anion exchange bed 110, the water is mainly freed

from mineral acids and organics.

During passage of the first strong base anion exchange bed 120, the water is mainly
freed from silica and carbon dioxide. Depending on the resin used for the first strong
base anion exchange bed 120, TOC may be removed in addition by that exchange
bed.
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Since boron is typically the first inpurity (or at |east one of the
first inpurities) that breaks through a strong base ani on exchange
bed, the water is mainly freed from boron when passing the second
strong base ani on exchange bed 130. Depending on the resin used for
t he second strong base ani on exchange bed 130, TOC may be
additionally removed by that exchange bed. In case of the process
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that the, water EX|t|n8 he counter-current ion exch an%e uni t

passed TP GaEHaY e 1abPrav PRI e N UipP o ZElRsiPTdRe Beg d28i ﬁ@elmﬁ)@@d with

dei oni zédug beais or rddih fii@abinmey thal dTowitdgenbidtiohalrb8dssU MdreovdreB8nin
osrmS|§hu Es or the |.ike
e tirst sfrong base anion exchange bed 120 and the second strong base anion

exchange bed 130, in particular at the inlet of the bed 130, an inert resin layer 134 may
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The first strong base ani on exchange bed 120, in particular an outlet
thereof, is preferably connected to a silicon anal yzer 140
(preferably a dissolved silica analyzer) via a silica sanpling |line
145. When the first strong base ani on exchange bed 120 becones
exhausted and the neasured silica concentration exceeds a defined
concentration, preferably a concentration of 20 ppb (parts per
billioRg, artameﬂrl@@rﬁefqo frclietssa more moeraagpred digtibutiva cfiihe watsrahdege
beds 13Q@atctARithihIRe @Bfmtbfagﬁﬁéﬁﬁtaﬁ(éxbﬁ'adﬁ&’ uﬁ?'!éﬁ P K@g?li r 134 prevents

regeneration) in a counter-current Int uence

second 2ortBRgom agezian phiedach kiR o bekhlorsed W”lﬁlereﬁ'inrtmadﬁqfdﬁgn Hiaes during

ani on exCHEMEe réshkARrARdcbhesnarks hageanhEigexshange bed 110, as
shown in Fig I'b and Fig.2b (and illustrated by t he arrowhead). For

regeneration of the ani on exchange beds 130; 120; 110, the

count eﬂ'hébldiét@ﬁéx:tlﬁ@t?@(@hﬁmgﬁﬁlﬂ?ltiﬁe $80nteB.clirhtGah lexclﬁé‘rfbé%ﬁ]hwo Preferably
regene ation sol ution, @ﬁgﬁimgﬂoﬁ a warm sodi um hydr oxi de sol ution

via t h835Gt1UPN FERCCTE{A! (At Sparst p%fhtél"@ebawans%yrleﬁ]ea%fe@gethrough

ani on ewbfanget bedtnStt scstipietedadd ¥ reanes s86tidroadd/BPE Yo lisHag ¥&etion.
150 via a boron sanpling line 155. For being able to nonitor boron

concentration in an operational state of the treatnent process the
bor on émabntizalar,libthayse wmqultine seopeesf thiei invdntionfthhite e eatph exined

b h ron dc e b
ypi cal Py BBk b el Tafd PR B B i#m%ianﬁm@a
t he boﬁsmieaﬁaﬂslygem‘nt&mitamdm’ghmatquI\/ateahmgtdmztss&Itreﬁlﬁasbm ongs,hresersani on
exchange hed 130. The strong acid cation exchange bed 160 increases

resistivity by exc angi ng protons (H 1 ons) agai nst sodium cations
exiting the second strong base ani on exchange bed 130. V%en t he

secondmrf@&%tm@eo%@é}n?@é& Qange e3¢0, Reh S ALs R %?qst he

bor on breakt hrough and ution, respecti've éﬁaron1 The Second Strong
base aﬁf@fﬁraé&scwt%@ a stjcer apazen1 4 fratetaliy Acisaaivad sifica analyzer)

prefer@QJysacgggggmﬁ@aﬁéqa5of 100 ppt (parts per trillion), the
treating process is also interrupted and the anion exchange beds 130;

120; 110 are also regenerated in series in a counter-current node, as

shown wohéri the irsedtebry iBase?dhib@BslchaddeshEdy 26l bBYorhBS cRhAGWEE 3 the
measured silica concentration exceeds a defined concentration, preferably a
concentration of 20 ppb (parts per billion), the treating process is interrupted and the
anion exchange beds 130; 120; 110 are regenerated in series (thoroughfare
regeneration) in a counter-current modus, i.e. in the sequence of the second strong
base anion exchange bed 130, the first strong base anion exchange bed 120 and the
weak base anion exchange bed 110, as shown in Fig 1b and Fig.2b (and illustrated by

the arrowhead).

For regeneration of the anion exchange beds 130; 120; 110, the counter-current ion
exchange unit 100 is typically fed with a regeneration solution, preferably a warm
sodium hydroxide solution, via the outlet 106.

Further, an outlet of the second strong base anion exchange bed 130 is preferably

connected to a boron analyzer 150 via a boron sampling line 155.
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In summary, a significant reduction of boron | eakage can be
acconplished by arranging a further strong base ani on exchange bed
(directly downstrean) of a first strong base ani on exchange bed, with
the further strong base ani on exchange bed being primarily provided
for renoving boron displaced by an inpurity front, in particular
silica front. In order to further m nimze boron Ieakage silica
concenfoaPEHY e te mwmiter belse dancenisatiarnt inaTgomrrstionssalistate of thmingatnieed
and/ or phasQ8, HNSS6h raﬁ?aly%@r ‘Ijgd‘ﬂw%tyr r%amera rbBRu{i SMRE s%Hﬁ%glgpégsa%ove 15

ani on exchange _bed can itored ‘and the ani"on exc
be regdIACEY |°th'5,Se?'?Cb§ wprw %@:ﬁﬁ@@n emfraéme hmﬂlaﬁ%ﬂﬁcall’yeb%m i ca

and/ or cbﬁf @itel CRGLHMBRELRAEFEALHS a%fwb@@@e%&?t}ﬁ%lt%réfﬁ%Hg@zer 150 aﬂd
referl%1 gﬁ@% disclosed in the present description

furthe $t R secndor r%@cq’%??g%f"ﬁ'é&xﬂéa'}ﬂqwm?/ Ioaded vvlth bor on
and is concurrently kept in a hlghly regenerated state. Cainms 1. A
process. for treat articul a retreatnent, of water,

Dt o or ARG 14 St TRnpa ar ol AiDGieoSEh AR v eREhalRg Rsefons
wat er $HT-eans) Iagamss@cﬂuﬁlt cdtioas texitingangBedodd §BENE baSNINIBASKCAGHE bed
exchanqg bed and a second strong base anion exchange bed, which is
arranged downstream in particular directly downstream of the first
strong base ani on exchange bed. 2. The process according to claim1,

weak bughirt 6 sdboblttrobl Sl o RN ety SR es At A 1y
strong bbmbmkﬁmom&thatﬂl gbitlbedreSbetmeéy tnamsthagse’chad Btrosg base an@nbas e
ani on %&8@%&?@3@@%&% §88f?ri@1 gélgt%plg‘ﬁlﬁgﬁ j:frg%rgtgl %,Xg rh%%aﬁa{) lon,of oo

The process "according t aradteri zed
ani on ERttrangeasddbiony theafrealingerrocass isel$o nteroiptad @odﬂheanwremmangen

exchangeqsAbb; 140; ﬁtﬁar@ré]g@?‘égé}%?%g'lﬁ'geﬁgs Y O el urtr%r‘?t r%?&ee@ {¥bwn

clains, char acterized hat™ sili1ca concentration o
st r eam Elg B Pne Fia, 2%(@%‘1"&1&%}9?’@Yéheéﬁéwé‘ﬁﬁdhal state of the

process, upstream of t he second strong base ani on exchange bed.

In summary, a significant reduction of boron leakage can be accomplished by arranging
a further strong base anion exchange bed (directly downstream) of a first strong base
anion exchange bed, with the further strong base anion exchange bed being primarity

provided for removing boron displaced by an impurity front, in particular silica front.

In order to further minimize boron leakage, silica concentration upstream of the further
strong base anion exchange bed and/or boron concentration downstream of the further
strong base anion exchange bed can be monitored and the anion exchange beds can
be regenerated in series in a counter-current mode when the silica and/or boron
concentration exceeds defined threshold values, preferably as disclosed in the present
description. By doing so, the further strong base anion exchange bed is primarily

loaded with boron and is concurrently kept in a highly regenerated state.
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5. The process according to claim4, characterized in that the anion
exchange beds are regenerated when the silica concentration exceeds a
defined threshold value, preferably a threshold val ue of 20 ppb. 6.
The process according to any one of the preceding clains,
characterized in that boron concentration of the water streamis
nonitored, preferably in an operational state of the process,
domnstééaﬁﬁbf the second strong base anion exchange bed. 7. The
process according to claim®6, characterized in that a sanple of the
water streamis passed through a strong acid cation exchange bed
downst r ealn BfPrPResSToE YRatiag.iapgrisatar nigiresmsn mpieh dicferginfarhe

strong aci doggiinifg umsrpﬂa@%terbmvh@h ra;gdézfa%ﬁrz@talvvatéf SSRGSk B@ém
t he second stro base ani on exchange bed boron anal yzer.

The pr ocess/Sastravsiya it girgng kasganon em\meﬁm 2 2 5260 strong Pbase

ani on exchaagenhs@sadde begIRRichad Qﬁané@tﬁﬂo%ﬁ&ré&ﬁoﬁ eRteaat dipdduon
exceeds a dgfl ned thre tlgol d val ue, r ef er abl Hée eshol d val ue of

100 ppt. GTWBS?S‘??TEEQ ﬁéﬁﬁtr%r%@ti SO FEChAN %brecedi ng cl ai ns,
characterlzed in that the anion exchange beds are regenerated in

[ [ r-curr
series 11, apRQUNl &lssAtchiihg I

8lélsm 1, characterized in that the water stream is at
first passed through a weak base anion exchange bed which is arranged

upstream of the first strong base anion exchange bed, before passing the first
strong base anion exchange bed and the second strong base anion exchange

bed.

3. The process according to claim 1 or 2, characterized in that the anion exchange

beds are arranged in the form of a counter-current ion exchange unit.

4. The process according to any one of the preceding claims, characterized in that
silica concentration of the water stream is monitored, preferably in an
operational state of the process, upstream of the second strong base anion

exchange bed.

5. The process according to claim 4, characterized in that the anion exchange beds
are regenerated when the silica concentration exceeds a defined threshold

value, preferably a threshold value of 20 ppb.

6. The process according to any one of the preceding claims, characterized in that
boron concentration of the water stream is monitored, preferably in an
operational state of the process, downstream of the second strong base anion

exchange bed.

7. The process according to claim 8, characterized in that a sample of the water
stream is passed through a strong acid cation exchange bed downstream of the

second strong base anion exchange bed, with the strong acid cation exchange
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10. A decationized water treatnent system in particular for carrying
out a process according to any one of the preceding clains, which
conprises a first strong base ani on exchange bed and a second strong
base ani on exchange bed which is arranged downstream in particular
directly downstream of the first strong base ani on exchange bed. 11.
The system according to claim 10, characterized in that the system
further conped Seingpratairbly asenger hieturem thegeedned shisingtbdse aniomaxetinge

upstream i BefahliLhhdh dHalyeet! y upstream of the first strong base
ani on exchange bed. 12. The system according to claim10 or 11,

characterized in that the ani on exchange beds are arranged in the

formoB. a CUHBIRGCHHARBIdING EXFRBNIE, 'é:H!a¥actén°ZedTh%é°ﬂfﬁé BRRCERHhGE
to any onengf the clains 10 to 12, characterized hat the system

further conpPfgaL LasPriaty ’a"H}é‘?rﬂ/?@rb%P&H”F%m&%mﬁ‘e%C@Bdﬁé‘ deligetli r st

strong basettassiodld @sklapgFeled; a tirepasitivelleast 100 Gi. out | et t her eof
or to a nozzle being arranged downstream of the first strong base

ani on exchange bed via a silica sanpling line. 14. The system

accordiéng t Gharpyom awicotdieg & anyrend Of the ﬁr%ce@[hgroﬁﬂm@l’ thagdcicfizé 1 that
t he system{ é cgrr{rgrleslg%da boron an onnectn?d to

the second s rong age ?Tc,ehrz?ﬁsae'ﬁg?fymlsf?rﬁﬁr?iac‘i?lug ergyrsnt madus.

thereof, via a boron sanpling line. 15. The system accordl ng to

| i t t h tr
cLALIM 3, CRAUASKERLER A, kS, LR SIDANEL PR SORIRR a0
upst r eam of a@dertgrﬁmeéhe piecedimuoaims, ovhicte nompdseea dingtrefyeng

unit, in pabéé&ﬁh%h éx%aﬁ g%qd%ec%ner%%gﬁ%a%%@{ egcﬁa%g%rbved%ﬁich

of the cl ai s to 9, prefera for renovin oron

pr et r eat ments @?awowww%tlémﬂwlﬂrrﬂm@hﬁ! dotvasineam, @fcihpﬁurgﬁroalg
first strongafasRioAx@RakssBagge bed and a second strong base anion
exchange bed which is arranged downstream in particular directly
downstream of the first strong base anion exchange bed and the unit

optionahly TABRYEEASadcoMBRl BAEEMAY, QRarER e Iest Wb 's9§teh§f@trh"eﬁnged
upstream in particul ar di rectlg upstream of the first strong base
ani on exchafg PHags a weak base anion exchange bed which is arranged upstréam, in

particular directly upstream, of the first strong base anion exchange bed.

12.  The system according fo claim 10 or 11, characterized in that the anion

exchange beds are arranged in the form of a counter-current icn exchange unit.

13.  The system according to any one of the claims 10 to 12, characterized in that
the system further comprises a silica analyzer which is connected to the first
strong base anion exchange bed, in particular to an outlet thereof, or to a nozzle
being arranged downstream of the first strong base anion exchange bed via a
silica sampling line.

14.  The system according to any one of the claims 10 to 13, characterized in that
the system further comprises a boron analyzer which is connected to the second
strong base anion exchange bed, in particular an outlet thereof, via a boron

sampling line.
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15.

16.

The system according to claim 14, characterized in that the system further
comprises a strong acid cation exchange bed which is arranged in the boron

sampling line upstream of the boron analyzer.

Counter-current ion exchange unit, in particular for carrying out a process
according to any one of the claims 1 to 9, preferably for removing boron during
pretreatment of water, characterized in that the unit comprises a first strong base
anion exchange bed and a second strong base anion exchange bed which is
arranged downstream, in particular directly downstream, of the first strong base
anion exchange bed and the unit optionally comprises a weak base anion
exchange bed which is arranged upstream, in particular directly upstream, of the
first strong base anion exchange bed.
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