Immersion reactor The invention relates to an apparatus for adding chlorine dioxide to water according
to the precharacterizing clause of claim 1. It furthermore relates to an apparatus of chlorine gas to
water and a water bath in which an apparatus according to the invention is immersed. Such an
apparatus is known from a consideration of W02004078648A1 and W02003000586A1 together.
ChlorineVdfaxi@d 1C®43€ a highly poisonous, explosive chemical which is BT/ BR 2a0id¢iE2BBthe
disinfection of water. The latter may be drinking water, swimming pool water or industrial water, in
particular cooling water. Owing to its dangerousnesd and low stability, chlorine dioxide is reluctantly
transported or stored and is rather synthesized directly at the place of use, in particular in the water to
be treated. Difference synthesis routes are known for chlorine dioxide. On the industrial scale, chlorine
dioxide khenspestrrretérom sodium chlorite or sodium chlorate with the use of hydrochloric acid,
chlorine or sulphuric acid/hydrogen peroxide. In the chlorite/acid process, hydrochloric acid [Hal is
reacted with sodium chlorite [NaC102] to give chlorine dioxide, water [H20] and sodium chloride
[NaCl}: 5 Na@vrention rEites HoCGro2ppaidaGifer2addiod chherick atiteddel doineatrocessrtiag to

stoichiometr, o0 Js; + C12 - + 2 NaCl .2 In the chlorate process,
sulphuri??c%%é@éﬁ%?s re ggé}%v%tﬁah%%lrrggejt p@@%d%e% R%%! %a?r? %g&l.lat%p&{%éé e [NlaC103] to
chlorine &litsxigie, gaslivnwatdpleate fNE2BORRHtbyyenidd23 madpeateus according to the invention

is immersed.

Such an apparatus is known from a consideration of WO2004078648A1 and
WO2003000586A1 together.

Chlorine dioxide [CIO,] is a highly poisonous, explosive chemical which is used as a
biocide in the disinfection of water. The latter may be drinking water, swimming pool

water or industrial water, in particular cooling water.
Owing to its dangerousness and low stability, chlorine dioxide is reluctantly transported

or stored and is rather synthesized directly at the place of use, in particular in the water

to be treated.
Difference synthesis routes are known for chlorine dioxide. On the industrial scale,
chlorine dioxide is often produced from sodium chlorite or sodium chlorate with the use

of hydrochloric acid, chlorine or sulphuric acid/hydrogen peroxide.

In the chlorite/acid process, hydrochloric acid [HCI] is reacted with sodium chlorite

[NaClO;] to give chlorine dioxide, water [H,O] and sodium chloride [NaCl]:
5 NaClO; + 4 HCI -> 4 CIO, + 5 NaCl + 2 H,O
In the chlorite/chlorine process, the stoichiometry of the reaction is:

2 NaClO, + Cl, -> 2 CIO; + 2 NaCl



2 NaCl03+ H202 + H2S04 -> 2 CIO2+ Na2S04+ 02+ 2 H20 DE202004005755U1 discloses an
apparatus for adding chlorine dioxide to water, in which two reaction components forming the chlorine
dioxide are passed into a mixing tube installed in a water pipe. Water to be treated is fed in and
removed via the water pipe. The mixing tube open at both ends extends coaxially within the water
pipe. A MéadR@htatj28dhis apparatus is that the mixing tube, producing floROE&ERA0CkE! 0306 34ater
pipe, causes turbulences which continue into the mixing tube and adversely affect the reaction.
W02004078648A1 referring directly to W02003000586A1 discloses a generic apparatus in which the
mixing tube is present outside the water pipe. Rather, a suction chamber in which the feed water to be
treated is sprayed in by means of a tapering nozzle is arranged in the water pipe. The cross section of
the suctiontibhaimbestis subistastialipgreatecid fdpfiavjsenasittethevito 2t rand nvisbrihve @xifrvatgr pipe
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pipes odéhihgnidtedtermixing tube, in each case one reaction component - firstly aqueous sulphuric
acid and secondly sodium chlorate in hydrogen peroxide - is infused into the mixing tube. The reduced
pressure sucks the components through the mixing tube, in which they mix and, in accordance with
the chloeafeaditicesd;ir€act With One aoflento NueShoride €€ Dilution of the reaction mixture
with the water sprayed in then takes place in the suction chamber so that water having the desired
chlorine dioxide content leaves the apparatus via the exit water pipe. 3 In order to control the strongly
exotherric 20B00400 ¢ ibplrb chssiptwsfead pipe dtusHeragitiogsbldpheritiaditkiscprayidedwith a
cooling ice,. This h g ign. of the .apparatus comparatively complicated. JP 2002-220207 A
disclose%ﬁg{rﬁﬁvﬁgrﬁ%}g c?f §8§? g8 iﬁ%ﬁr%\%rmg"ﬁgg?oCWﬁér},evﬁ%ﬁygp“p)rgrgfiﬁssg B Buti<ng
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2:2 NaC +12->.2 +2N this purpese,.the two reaction components, sodiym
hyperché)%%é mgﬂﬁ %ﬁc?%ﬁdcr?gcehﬁ%rtlcg §1j5’;r|]c:2E ﬁl—‘l%l g?r%nﬁjrsstcr%el‘%é%%r\{v he’%%%%%%t%’@&i n of a mixing
tube. Atdirserdrdageedirttisegtimratsdadii@yhentnixogenibg, ip@adacyedfitwougsiahich sotigm
chlorite 2], a id.r ion component. enters. The second reaction stage then takes place
iiin 2 et SB o h Saa e o BR S R R T e idon
chambettia wdictiothe chlorine dioxide is mixed with the water to be enriched and is charged via an exit
water pipe is arranged at the end of the second section of the mixing tube. Since highly poisonous

chlorine gas CI2 forms within the first reaction stage, it is always necessary in this apparatus to ensure
that this\34p2R 44 ¢804a4 thelentsidel trecigotéQRRIBRIY EFRRAdpeisirigsEPDgEl2 686 Al discloses

an app i | e con i lorine, dioxide in water, in which the two reaction
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valves e I8 RESRMEUIFHHRR (Fialy Py 6 R LRd Tannsy o BTG AR MRIes L ioe feed pipes
are required for this purpose.
substantially greater in comparison with the nozzle and with the exit water pipe
continuing from the suction chamber, so that reduced pressure results in the suction
chamber. The mixing tube which runs radially to the exit water pipe opens into the
suction chamber. Via two feed pipes opening into the mixing tube, in each case one
reaction component - firstly aqueous sulphuric acid and secondly sodium chiorate in
hydrogen peroxide - is infused into the mixing tube. The reduced pressure sucks the
components through the mixing tube, in which they mix and, in accordance with the
chlorate process, react with one another to give chlorine dioxide.
Dilution of the reaction mixture with the water sprayed in then takes place in the suction
chamber so that water having the desired chlorine dioxide content leaves the apparatus

via the exit water pipe.



4 Finally, DE 10 2008 049 734 Al discloses a process and an apparatus for batchw se chlorine dioxide
production, in which the apparatus is arranged under water. A disadvantage of batch operation is the
necessary control of reaction and flushing operation. In view of this prior art, it is the object of the
present invention to further develop an apparatus of the generic type mentioned at the outset so that it
is simple/d@d?Rdd /4 28035t design and enables differing chlorine dioxide syrRaERvEPbased omtvR
reaction components to be carried out without danger. This object is achieved as the mixing tube is
provided with an ancillary entry opening for the entry of ancillary water to be enriched with chlorine
dioxide and free of reaction components The invention therefore relates to an apparatus for feeding
chlorine dioxide to water, comprising a first feed pipe for feeding in a first reaction component,
comprisitmycadserdoncbeenl fpestorigading tharsicentpreaitianic prrLRENtheoRBHI SR oRiBY tube
for mixing and reacting the two reaction co nents tp chlorine dioxide, at one end of which the two
feed pipégg?l&%uagn(sjug?gt £% Cécrj &ng'8Y’ wﬁéﬂvﬁ a?r&ﬂ%é’&%‘%d&%#%ﬁ%%é?%%ﬂ?&ﬂ%é&f {&ter to
be enrichegavithushtoriea ditixielg campbcsiealyed by means of a nozzle, and comprising an exit water
pipe leading downstream from the suction chamber, in which the mixing tube has at least one ancillary
entry opening for the entry of ancillary water to be enriched with chlorine dioxide and free of reaction
compondRtL 0iR-2OANKirg didoto SEredvaspecaicaploofttiei preseotiny entioa dsto/eatsy, ovk the
reaction e components within the protective, mixing tube to give chlorine dioxide in comparatively
high conagéé]%r’gt?lgﬁsg AN A tés(r wgﬁé%ﬁﬂtee)r%%@ﬁgﬁf BRI FHETFRLUNG TRSRNe dioxide abruptly
with ancillary water before entry into the suction chamber, so that 5 decomposition of the chlorine
dioxide present, in high, cpncentration is suppressed the concentration thereof is shifted to a safe
range in%ﬁaeger%it;dng ck?é?negér ﬁgjﬂ?g i?ﬁ#ﬂ@% e 535& le to arrange the ancillary entry opening
upstrearbteth@ jointly2 poattsOH ovi@yer, 2B @oul@ INadto excessively rapid dilution, so that the
reaction components emerging from the joining points no longer completely react. In order to avoid
this, the ancillary entry opening is preferably located downstream of both joining points of the feed

pipes infocththiniimydsbethisthasralietioly provechaseiusiative pijpeachinozz[elatiExibwater pipe
should W?yé%%wgﬁjccé’aéi?ﬁ%wiéﬁeoﬁ%ﬁ r%))’g@ raipléhr%zg% igna(%}‘rtsq%ggggg% Qam%%b tube. At the
end of the first section, an ancillary entry opening is arranged, through which sodium
chlorite [NaClO;], as a third reaction component, enters. The second reaction stage
then takes place within a second section of the mixing tube, within which the chlorine
dioxide finally forms. A suction chamber in which the chlorine dioxide is mixed with the
water to be enriched and is charged via an exit water pipe is arranged at the end of the

second section of the mixing tube.

Since highly poisonous chlorine gas Cl, forms within the first reaction stage, it is always
necessary in this apparatus to ensure that this cannot escape to the outside through the

ancillary entry opening.

EP 0 119 686 A1 discloses an apparatus for increasing the concentration of chiorine
dioxide in water, in which the two reaction components are transported exclusively with
the aid of a water jet pump. The metering of the components is brought about via
corresponding valves. A disadvantage of this solution is that these valves have to be
controlled in a relatively complicated manner. Volume flow meters in the feed pipes are

required for this purpose.



The design of the apparatus in which the mixing tube extends radially relative to the nozzle and exit
water pipe, at least in the region of suction chamber, has likewise proved useful. This design can
particularly preferably be further developed with a base plate which closes that end of the mixing tube
facing away from the suction chamber and through which both feed pipes pass, and with a clamping
set whicl/éxefs Hil 2&id7orce on the mixing tube between base plate and RETitERIGNMO6 E3is form
is mechanically particularly stable, so that the apparatus can also withstand an explosion of the
compounds in the mixing tube. Instead of a radial odentation of the mixing tube relative to the suction
chamber, the mixing tube may extend coaxially with nozzle and with exit water pipe, at least in the
region of the suction chamber. Preferably, the apparatus for reacting hydrochloric acid and sodium
chlorite fongg, dhlorfe28ididdds7ided at saftisaldyhighk stoses. &fsemfihetpaits ofgtamtinggmaterials

sulphuri lel/sogl i 1d chlorine/sodium chloride is also possible. 6 Corresponding
processg? g@%,g&%@%ﬁ%@@%g@%&qﬂ e ?ﬁ%ﬁ%%ﬁé]&%@f@gﬁ%@ ctively. In order to
generaté ife@veoridins hetithqreratite tise heautices Fatiye arikioigofutes dinenstendgnsess gatio of the
mixing tlﬁt&%éql% d be 5 and 8. In this context, the slenderness ratio is understood as meaning the
ratio of the length of the mixing tube to its internal diameter. If the cross section of the tube is not

round, the diameter of a circle whose area corresponds to the cross-sectional area of the mixing tube
should q gﬁgﬁ e ind I ter. . The lepgth is measured qver the "active section” of the mixing
tube, Witﬁin w i(c";lfrlS ttﬂ?eg ?gﬁﬁ%ﬂ’?ﬁgﬁé’é’éﬁ?%& Bha ?or}?]iﬂ\éeﬁ?ﬁ%?c{?t ﬁ?@é&ﬁ% Y &reaction
componappakichs isfltraigenfenthbgtal ovensivean 4t thabaroiiany tntryt apeininddemteagcillary water
which is ?g éﬁ) ' tn [ rti r.advantage of t{?}e apparatus according to the
inventiorrm is%at ‘T% Cﬁ%e%ggg%gg@a gg%ﬁﬁﬁwﬁﬂ?éﬁﬁ TEACIOF et ?;/Si%%%é%g@%&{ﬂf BN 3ter of
which istorbeceasmidchda bethahied e diwikidert Baisgagnificantly increases the safety and permits the
use of the high starting material concentrations advantageous for the chlorine dioxide synthesis.
Accidents which may occur are neutralized by the water surrounding the apparatus. The invention
thereford fisthejendre achiteectd aswiatembatly itubdistpanvaiguaratissacenoiiingy/terthy ipentianfis:
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tower. [fap@p@pandsus is present in the water bath, the exit water pipe preferably opens into the same
water bath, so that the enrichment circulation is closed. 7

The invention therefore relates to an apparatus for feeding chlorine dioxide to water,

comprising a first feed pipe for feeding in a first reaction component, comprising a

second feed pipe for feeding in a second reaction component, comprising a mixing tube

for mixing and reacting the two reaction components to chlorine dioxide, at one end of

which the two feed pipes join and at the other end of which is arranged a suction

chamber into which feed water to be enriched with chlorine dioxide can be sprayed by

means of a nozzle, and comprising an exit water pipe leading downstream from the

suction chamber,

in which the mixing tube has at least one ancillary entry opening for the entry of ancillary

water to be enriched with chlorine dioxide and free of reaction components into the

mixing tube.

The basic concept of the present invention is to carry out the reaction of the
components within the protective mixing tube to give chlorine dioxide in comparatively
high concentrations and, after the end of the reaction, to dilute the resulting chiorine

dioxide abruptly with ancillary water before entry into the suction chamber, so that



the use of a pressure generator. Alternatively, the feed water may have an origin other than the water
bath. Otherwise, the apparatus can also be used for increasing the concentration of chlorine gas [C12]
in water. For this purpose, a feed pipe is simply dispensed with and the chlorine gas is passed into the
mixing tube through the remaining feed pipe. The invention therefore also relates to an apparatus for
adding oMoYi2e1gas28 Weater, comprising a feed pipe for feeding in chlorine B83/EMDNINIHA3BIKING
tube for mixing the chlorine gas with water, at one end of which the feed pipe joins and at the other
end of which is arranged a suction chamber into which feed water to be enriched with chlorine can be
sprayed by means of a nozzle, and comprising an exit water pipe leading downstream from the suction
chamber, the mixing tube having at least one ancillary entry opening for the entry of ancillary water to
be enrictiedonithosktioring tees dhtorthe divsiitte tobesertisaghrionayratatide iopeiatedasanimmersion

reactor. Eyen | r as js not first prepared in the mixing tuhe, it is expedient {o provide a
second ééé%gpéeg %E%%’Jér}r%ggr ﬁgfé?i%(') %%E%I%ﬁa% uBaen%edF}jﬁﬁgén é@ﬁ%\cf‘b? § 'bli%ﬁ n within the
mixing tube. Such an apparatus then corresponds structurally to that for mixing two reaction

compongnis, Wi iff hat, instead of the reaction companents, firstly the chlorine gas and
secondl)& ?éé“&%rw r%?egr)%gmr%gxfﬁé% Eﬂ%%gﬁa;%ﬁg%nﬁ%a{%g ?ggdoﬁé)gg?gr%sl{{@@%ﬁ f RHNRNEDe
explaingebintsdre detail vitls iefete headdonorkatgiexnplasd. digtion 1sshivwstap appeatiatus in cross
section; Fi :sho tus in. front view; Figure 3:shows an aratus as immersion reactor
i the DA DSt i T T G el Vel 5 e e, ' An
apparatasdicatuosrding aothieineentionfeniheg iaduiitiemadfi¢ itormitediovde e aratef soshguiniimgFigures
1land 2. Tk s.is Jowered as an immersion reactor completely into a water bath whose water
is to be g%?ﬁﬁgf %%%ﬁi%é?ﬁ&%%i?diﬁ%?%.‘Sgrg‘@%e centrepiece of the apparatus is a mixing tube
2 produced from a titanium material and having a circular cross section, which extends from a base

plate 3 t ' !é]a T ase plate 3 closes one en(g of the mixing tuhe 2 (ér o feed pipes
5a and ﬁ‘ﬁégggﬁa%rga gl;%%%%n%%igwr@;cﬁ%o n(%rﬁpoﬁ“e)rzl sl?sau% %’8%"%8‘&%%8@%%&%‘ rﬁesodium
chlorite, antangechtigingaibbeithextenahosihenn they agibigwfe i2e-dhodioghcthentiase plate 3. The two
feed pipes join the mixing tube at a conjoining point 6. Of course, each feed pipe may also have a
separate joining point in the mixing tube. In order to be resistant to the reaction components, the base

plate 3 i$peatiaigd frotnePAREr atueastinitiiettegioixioitihebieedtpipes Salisty asththveirtipimisg point 6.
The low late which is not osed to the chemicals - such as all other components
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proved useful.

This design can particularly preferably be further developed with a base plate which
closes that end of the mixing tube facing away from the suction chamber and through
which both feed pipes pass, and with a clamping set which exerts an axial force on the
mixing tube between base plate and suction chamber. This form is mechanically
particularly stable, so that the apparatus can also withstand an explosion of the

compounds in the mixing tube.

Instead of a radial orientation of the mixing tube relative to the suction chamber, the
mixing tube may extend coaxially with nozzle and with exit water pipe, at least in the

region of the suction chamber.

Preferably, the apparatus for reacting hydrochloric acid and sodium chlorite to give
chlorine dioxide is used at particularly high doses. Use of the pairs of starting materials

sulphuric acid/sodium chlorite and chlorine/sodium chloride is also possible.



The reaction components HCI (30 per cent strength) and Na0102 (25 per cent strength) travel by
means of pumps 7a, 7b from their respective tanks 8a, 8b via PTFE hoses 9a, 9b into the feed pipes
5a, 5b and through the joining point 6 thereof into the mixing tube 2. In the mixing tube, the
components react with chlorine dioxide, sodium chlorite and water. The reaction mixture is transported
through WORXirigte®e3Fy the pumps 7a and 7b. Thus, the pumps 7a, 7b #QE PrIBiernnEIs e _
mixing ratio of the reaction components. Downstream, immediately before the suction chamber 4, six
ancillary entry openings 10 altogether are introduced into the wall of the mixing tube 2. Water, driven
by the reduced pressure of the suction chamber, flows through the ancillary entry openings 10 from
the environment of the submerged apparatus as ancillary water into the mixing tube 2 and abruptly
dilutes tleoctispinedingxue velstshas justcformedn THE ROOBIIED2 isdimngnsioned so that the

reaction %%9@@ ts, is complete before entry of the 9 ancillary water: for this purpose, the
mixing tl\J%ng ?PSB provi (j(? va'lﬂ 2 SRhe é\f??é('ss ratio of about 5.4 along the reaction section from the

joining point 6 to the ancillary entry openings 10 (drawing not true to scale) Table 1 shpws the actual
e e A S P L R e
rate for citodeerdiesiddifkgftihé 40209 tube should be 5 and 8. In this context, the slenderness

ratio is understood as meaning the ratio of the length of the mixing tube to its internal

diameter. If the cross section of the tube is not round, the diameter of a circle whose

area corresponds to the cross-sectional area of the mixing tube should be used as the

internal diameter. The length is measured over the “active section” of the mixing tube,

within which the reaction takes place; i.e. from that joining point of the feed pipe of a

reaction component which is located furthest downstream to that ancillary entry opening

for the ancillary water which is located closest upstream.

The particular advantage of the apparatus according to the invention is that it can be
arranged as an immersion reactor directly in the water bath, the water of which is to be
enriched with chlorine dioxide. This significantly increases the safety and permits the
use of the high starting material concentrations advantageous for the chlorine dioxide
synthesis. Accidents which may occur are neutralized by the water surrounding the

apparatus.

The invention therefore furthermore relates to a water bath in which an apparatus
according to the invention is immersed, at least with its mixing tube, in such a way that
ancillary water from the water bath enters the mixing tube through the ancillary entry

opening. The water bath is preferably the basin of a cooling tower.

If the apparatus is present in the water bath, the exit water pipe preferably opens into

the same water bath, so that the enrichment circulation is closed.

The feed water to be enriched can likewise originate from the water bath, a feed water

pipe leading from the water bath to the nozzle being laid for this purpose, optionally with



Outflow of enriched exit water from suction pump fkg/h] [gird 500 2 5000 2 10 000 2 Chlorine dioxide
concentration of exit water from suction pump  Inflow of feed water into suction pump

WO 2011/128137 PCT/EP2011/052334

the use of a pressure generator. Alternatively, the feed water may have an origin other
than the water bath.

Otherwise, the apparatus can also be used for increasing the concentration of chiorine
gas [Clo] in water. For this purpose, a feed pipe is simply dispensed with and the

chlorine gas is passed into the mixing tube through the remaining feed pipe.

The invention therefore also relates to an apparatus for adding chlorine gas to water,
comprising a feed pipe for feeding in chlorine gas, comprising a mixing tube for mixing
the chlorine gas with water, at one end of which the feed pipe joins and at the other end
of which is arranged a suction chamber into which feed water to be enriched with
chlorine can be sprayed by means of a nozzle, and comprising an exit water pipe
leading downstream from the suction chamber, the mixing tube having at least one
ancillary entry opening for the entry of ancillary water to be enriched with chlorine gas

into the mixing tube. This variant may also be operated as an immersion reactor.

Even if the chlorine gas is not first prepared in the mixing tube, it is expedient to provide
a second feed pipe for feeding water into the mixing tube in order to achieve rapid
dilution within the mixing tube. Such an apparatus then corresponds structurally to that
for mixing two reaction components, with the difference that, instead of the reaction
components, firstly the chlorine gas and secondly the water enter the mixing tube

through the two feed pipes.

The invention is now to be explained in more detail with reference to working examples.

Figure 1: shows an apparatus in cross section;
Figure 2: shows an apparatus in front view;
Figure 3: shows an apparatus as immersion reactor in the basin of a cooling tower;

Table 1; shows a list of dimensions and flow rates of three sizes.



[kg/h] 250 1000 2000 Inflow of hydrochloric acid [30% strength] k /h] 64 64 128 Inflow of sodium
chlorite [25% strength] [kg/h] [mm] 6.7 14

WO 2011/128137 PCT/EP2011/052334

An apparatus 1 according to the invention for the addition of chlorine dioxide to water is
shown in Figures 1 and 2. The apparatus is lowered as an immersion reactor
completely into a water bath whose water is to be enriched with chlorine dioxide: cf.

Figure 3.

The centrepiece of the apparatus is a mixing tube 2 produced from a titanium material
and having a circular cross section, which extends from a base plate 3 to a suction
chamber 4. The base plate 3 closes one end of the mixing tube 2. Two feed pipes 5a
and 5b for separately feeding two reaction components, such as hydrochloric acid and
sodium chlorite, into the mixing tube 2 extend - shown only in Figure 2 - through the
base plate 3. The two feed pipes join the mixing tube at a conjoining point 6. Of course,
each feed pipe may also have a separate joining point in the mixing tube. In order to be
resistant to the reaction components, the base plate 3 is produced from PTFE, at least
in the region of the feed pipes 5a, 5b and their joining point 6. The lower part of the
base plate which is not exposed to the chemicals - such as ali other components of the

apparatus 1 - consists of stainless steel.

The reaction components HCI (30 per cent strength) and NaClO, (25 per cent strength)
travel by means of pumps 7a, 7b from their respective tanks 8a, 8b via PTFE hoses 9a,
9b into the feed pipes 5a, 5b and through the joining point 6 thereof into the mixing tube
2. In the mixing tube, the components react with chiorine dioxide, sodium chlorite and
water. The reaction mixture is transported through the mixing tube by the pumps 7a and
7b. Thus, the pumps 7a, 7b alone predetermine the mixing ratio of the reaction

components.

Downstream, immediately before the suction chamber 4, six ancillary entry openings 10
altogether are introduced into the wall of the mixing tube 2. Water, driven by the
reduced pressure of the suction chamber, flows through the ancillary entry openings 10
from the environment of the submerged apparatus as ancillary water into the mixing
tube 2 and abruptly dilutes the chlorine dioxide which has just formed. The mixing tube

2 is dimensioned so that the reaction of the components is complete before entry of the



67 34 134 45 Internal diameter of mixing tube  Length "active section” of mixing t.....,e [mm] 99 184

WO 2011/128137 PCT/EP2011/052334

ancillary water: for this purpose, the mixing tube 2 is provided with a slenderness ratio
of about 5.4 along the reaction section from the joining point 6 to the ancillary entry

openings 10 (drawing not true to scale).

Table 1 shows the actual dimensions of three possible sizes of the apparatus by way of

example. Each of the sizes produces a water/chlorine dioxide solution having a CIO,

content of 2 grams per litre.

Table 1

Size [-1 J i i
Production rate for chiorine dioxide [kg/h] 1 10 20
Outflow of enriched exit water from suction pump [kg/h] 500 5000 10 000
Chiorine dioxide concentration of exit water from

suction pump [9/] 2 2 2
Inflow of feed water into suction pump [kg/h] 250 1000 2000
inflow of hydrochloric acid [30% strength] [kg/h] 6.4 64 128
inflow of sodium chlorite [25% strength] [kg/h] 6.7 67 134
internal diameter of mixing tube [mm] 14 34 45
Length "active section” of mixing tube [mm] 99 184 262
Slenderness ratio [-1 7.1 5.4 58

The form of the suction chamber 4 is very substantially part of the prior art: feed water

to be enriched with chlorine dioxide is passed via a feed water pipe 11 into a tapering

nozzle 12 in which the flow rate of the feed water greatly increases. As the cross section

of the suction chamber 4 is substantially greater than the exit cross section of the nozzle

12, the pressure of the feed water which is sprayed in decreases greatly in the suction

chamber, resulting in suction which sucks the reaction components and the ancillary

water from the mixing tube 2 into the suction chamber 4 and produces vortexing, i.e.

further dilution. The mixture leaves the apparatus 1 as exit water via an exit water pipe

13.

Feed water pipe 11 and exit water pipe 13 extend radially relative to the mixing tube 2,

at least in the region of the suction chamber. This has the advantage that the mixing

tube can be clamped by means of a clamping set 14 between the suction chamber 4



262 Slenderness ratio IH 7.1 5.4 5.8 The form of the suction chamber 4 is very substantially part of
the prior art. feed water to be enriched with chlorine dioxide is passed via a feed water pipe 11 into a
tapering nozzle 12 in which the flow rate of the feed water greatly increases. As the cross section of
the suction chamber 4 is substantially greater than the exit cross section of the nozzle 12, the pressure
of the feBdOn2@8rwWii8h 3§ sprayed in decreases greatly in the suction chamPerT feralting iosa8gion
which sucks the reaction components and the ancillary water from the mixing tube 2 into the suction
chamber 4 and produces vortexing, i.e. further dilutidn. The mixture leaves the apparatus 1 as exit
water via an exit water pipe 13 Feed water pipe 11 and exit water pipe 13 extend radially relative to the
mixing tube 2, at least in the region of the suction chamber. This has the advantage that the mixing
tube carabd thenhpese bjatecins cibaatbiopiad setptdvadbvaarcthe sinctiont chansberidh thanththe base

plate 3. A closed force flux prevails via clamping set 14, suction ¢ ber 4. mjxing tybe 2 and base
plate 3 afi p;)r(("a%v%r%sb %ugrs Pgscﬁ’stﬁé)%%%gg@s ;?rrle%%rtggéj BSEEW 8?(3‘2%%??8( ?r{\‘ésc orietts Within
the apparatesp Msireovethewingponketslarpingrset ppixiag ituhéo lase plateiag dostietionsehaimper are
joined in_an interlocking manner tQ one another sq that material bonding of these components, which
is problcesr%gtllylc%:ﬁfr(wr Hehé%%s’ebgfg %%‘#%t%?%alsg&tﬁ ri‘n%t%rﬁ]})l%rcﬁg%é?{gg \‘/ﬁt%f} u%ﬁ@ﬁ%&%,%@%ﬁﬁ%ing
set 14 hassiraivt heliefonteansa &ajal S fofitheohtsess9eoantbakbnesn duicyie patblbfartiowerirg the

apparat i ter bath. The ratus according to the invention is in fact particularly preferably
operateg%gs.e%ﬁtrﬁ{%é?ggrq‘%gg{grg \E@%ﬁ%na%gﬁ%?%% gf}t%thlaﬁ?é' EF\WH%@@I}S B%Wi'aﬂe%e\gﬂtﬁ
chlorine lutisxitiai i o ltafspempe sk ahé Epfiarttasissiesrdersed Bthendatardathait leasbio such an

o compIay e aroaH A e vl b S Thay rest with ts base pate on the botiom, T
The apparatus according to the invention is in fact particularly preferably operated as an
immersion reactor within a water bath, the water of which is to be enriched with chlorine
dioxide. For this purpose, the apparatus is immersed in the water bath at least to such

an extent that the ancillary entry opening(s) is or are below the water level. Most

preferably, the apparatus is completely immersed in the water bath and may rest with its

base plate on the bottom.

Figure 3 illustrates this use for the example of a power station cooling tower. In the
cooling tower 17, the cooling water laden with the waste heat of a power station or of
another process is cooled in a manner known per se. For this purpose, a so-called
basin 18 which contains a large amount of cooling water is present below the cooling
tower 17. A cooling water pump 19 continuously draws cold cooling water from the
basin 18 and transports it to the process to be cooled, which is not shown here. From
there, the heated cooling water returns to the cooling tower via a return pipe 20 and
trickles down the inside thereof into the basin 18. As a result, the cooling water is cooled

by the air draft ascending through the cooling tower 17 owing to the chimney effect.

In order to prevent the biological growth in the cooling tower 17, the strong biocide

chlorine dioxide is added to the cooling water.

For this purpose, the apparatus 1 is completely immersed as an immersion reactor in

the basin 18 filled with the water to be treated. The apparatus 1 then rests with its base



Figure 3 illustrates this use for the example of a power station cooling tower. In the cooling tower 17,
the cooling water laden with the waste heat of a power station or of another process is cooled in a
manner known per se. For this purpose, a so-called basin 18 which contains a large amount of cooling
water is present below the cooling tower 17. A cooling water pump 19 continuously draws cold cooling
water frofaRO A28 B3&Nnd transports it to the process to be cooled, whichPis T\ BhOWM/bEpEsFarom
there, the heated cooling water returns to the cooling tower via a return pipe 20 and trickles down the
inside thereof into the basin 18. As a result, the coadlihg water is cooled by the air draft ascending
through the cooling tower 17 owing to the chimney effect. In order to prevent the biological growth in
the cooling tower 17, the strong biocide chlorine dioxide is added to the cooling water, 11 plate 3 on
the bottpiatef ShenbifsirbdBo Thef iixibg irbe2 Ektendsingriidady thxoaghstheieiay ke igeates. The

two reacf] onents are-fransported. from respective tanks 8a, 8b via hoses 9a, 9b, driven by
meteringygﬁérﬁgor;% grt?alttr?tg igea%%r%ﬁ%%“f Mgt 88%%5?&?&%@%%@?% e EoHRG R EAGHSN and
is pashs@Iain&b) tjrie appamﬁaasf SIzl:b”)drr'b\a]mwa«iaet'e@plua’uerKﬁpé’ H,ﬁrbrﬁﬂ@hir‘ﬁm?ﬁafgmthmﬂ@twwiphe
20. The deli . is fi uilt up by the.cooling water pump, 19. The feed water mixes in the
suction ¢ %%’i%ﬁﬁﬁ%:ﬂﬁ&%%%r%%g}%& t(r:¥1 (P??r‘l%n |8>%?d% %%%%ﬁ%ﬁe?’a%aﬁgﬁf ALferd di¥ering the
apparl]ratnse]ardsroﬂyhetf@dnmmm%mfﬂy dpeamgsntOdfo theHeasinuts pind izg.eun@%m(m@ basin 18
via the eyi rpi . List of reference numerals 1Appar Mixing tube 3Base plate 4Suction
chamb:égéz%lé%t{a% l%iﬁﬁ%ﬁebggkggé)ﬁég {ooling wa{er pur%p ?B‘ﬁ%e ézeg water mixes in the

suction chamber with the freshly prepared chiorine dioxide and with the ancillary water

entering the apparatus 1 through the ancillary entry openings 10 from the basin 18 and

is returned to the basin 18 via the exit water pipe 13.



5Joining point 7aPump 7bPump 8aTank 8bTank 9aHose 9bHose 10Ancillary entry opening 11Feed
water pipe 12Nozzle 13Exit water pipe 14Clamping set 15a Strain relief means
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List of reference numerals

1 Apparatus

2 Mixing tube

3 Base plate

4 Suction chamber
5a Feed pipe one

5b Feed pipe two

6 Joining point
7a Pump

7b Pump

8a Tank

8b Tank

9a Hose

9b Hose

10 Ancillary entry opening
i1 Feed water pipe

12 Nozzle

13 Exit water pipe

14 Clamping set

15a  Strain relief means

15b  Strain relief means

16 Evye bolt
17 Cooling tower
18 Basin

19 Cooling water pump
20 Return pipe



15b Strain relief means 16Eye bolt 17Cooling tower 18Basin 19Cooling water pump 20Return pipe 13
Claims: 1, An apparatus (1) for feeding chlorine dioxide to water, comprising a first feed pipe (5a) for
feeding in a first reaction component: comprising a second feed pipe (5b) for feeding in a second
reaction component, comprising a mixing tube (2) for mixing and reacting the two reaction components
to chloriféQiifXidé128bdé end of which the two feed pipes (5a. 5b) join andg THERRIGEr H08253%hich is
arranged a suction chamber (4) into which feed water to be enriched with chlorine dioxide can be
sprayed by means of a nozzle (12), and comprising an exit water pipe (13) leading downstream from
the suction chamber (4), characterized in that the miXing tube (2) has at least one ancillary entry
opening (10) for the entry of ancillary water to be enriched with chlorine dioxide and free of reaction
components into the mixing tube (2).

Claims:

1. An apparatus (1) for feeding chlorine dioxide to water, comprising a first feed pipe
(Sa) for feeding in a first reaction component, comprising a second feed pipe (5b)
for feeding in a second reaction component, comprising a mixing tube (2) for
mixing and reacting the two reaction components to chlorine dioxide, at one end of
which the two feed pipes (5a, 5b) join and at the other end of which is arranged a
suction chamber (4) into which feed water to be enriched with chlorine dioxide can
be sprayed by means of a nozzle (12), and comprising an exit water pipe (13)
leading downstream from the suction chamber (4),
characterized in that the mixing tube (2) has at least one ancillary entry opening
(10) for the entry of ancillary water to be enriched with chiorine dioxide and free of

reaction components into the mixing tube (2).

PN

An apparatus according to claim 1,
characterized in that the ancillary entry opening (10) is located downstream of both

joining points (6) of the feed pipes (5a, 5b) to the mixing tube (2).

3. An apparatus according to claim 1 or 2, characterized in that nozzle (12) and exit
water pipe (13) are arranged coaxially with one another in the region of the suction
chamber (4).

4. An apparatus according to claim 3, characterized in that the mixing tube (2)
extends radially relative to the nozzle (12) and exit water pipe (13), at least in the

region of the suction chamber (4).

5. An apparatus according to ciaim 4, characterized by a base plate (3) which closes
that end of the mixing tube facing away from the suction chamber (4) and through
which both feed pipes (5a, 5b) pass, and by a clamping set (14) which exerts an

axial force on the mixing tube (2) between base plate (3) and suction chamber (4).



2. An apparatus according to claim 1, characterized in that the ancillary entry opening (10) is located
downstream of both joining points (6) of the feed pipes (5a, 5b) to the mixing tube (2). 3. An apparatus
according to claim 1 or 2, characterized in that nozzle (12) and exit water pipe (13) are arranged coax
ally with one another in the region of the suction chamber (4). 4 An apparatus according to claim 3,
charactéfife @0 a2 &S mixing tube (2) extends radially relative to the nozB€ TYBPaaxh axitamates pipe
(13). at least in the region of the suction chamber (4). 5 An apparatus according to claim 4,
characterized by a base plate (3) which closes that end of the mixing tube facing away from the
suction chamber (4) and through which both feed pipes (5a, 5b) pass, and by a clamping set (14)
which exerts an axial force on the mixing tube (2) between base plate (3) and suction chamber (4). 14
6. An apparatus according to claim 3, characterized in that the mixing tube (2) extends coaxially with
no77le (12) and exit water pipe (13), at least in the region of the suction chamber (4). 7 An apparatus
according to one of.claims 1 to 6, ch ract d in t at th ss ratio of the mixing tube (2),
measuredéfro%nr}%ﬁg jOIr%tnudS 5&% é?f\ %ca 8%‘& SSPGRWRS § %(Bﬂfé%nmfﬁw&m? giznlng (6)
located closeskigrsireanaxis betwibendizea 1@ )eq:;m.ﬁmmamaxmw oy asidngschiatieergg toorater,

comprising a fggq php for ﬁgﬁﬁ)?hrcbxé‘)?\chlorlne gas, comprising a mixing tube for mixing the chlorine gas

with water, at one end of W &ed pipe joins and at the other end of which is arranged a suction

chamber into which feed water to be enriched with chlorine can be sprayed by means of a no771e,

and compgsi ater ipe leading downstr fro tion chamber, racterized in that
the mlxmgl}Ituﬁ]haDsS kl e%sétagnergﬁnc?”é)ryg e¥|t%9 %ggri{r% o:ﬁ]thee% rﬁaé?g%éfﬁgﬂ/lﬂlﬁf@%\ﬁe enriched
with chlorine gas ot makimg ftiioe n8ixihg aﬁmtﬁwmmmdgmlmmjﬁrm@mtﬁri@ﬂ by a second

feed pipe for n er.into the mixin tu e the cond ee e at that end of the mixing
tube Fafttpwhich (?gg{ rgst%N éﬁé %%Oé) \gls%ti?)?nrrsg 20! éﬁg er%gtﬁnln %?%BJ g@i C?f%ﬁ?gf &%Img tower
(17), charactenmécamthat batapparivgsad) acgiording to any one of claims 1 to 9 is immersed, at least
with its mixing tube (2), in such a way that ancillary water from the water bath enters the mixing tube
(2) through the ancillary entry opening (10).

8. An apparatus for adding chlorine gas to water, comprising a feed pipe for feeding

in chlorine gas, comprising a mixing tube for mixing the chlorine gas with water, at
one end of which the feed pipe joins and at the other end of which is arranged a
suction chamber into which feed water to be enriched with chlorine can be sprayed
by means of a nozzle, and comprising an exit water pipe leading downstream from
the suction chamber, characterized in that the mixing tube has at least one
ancillary entry opening for the entry of ancillary water to be enriched with chlorine

gas into the mixing tube.

9. An apparatus according to claim 8, characterized by a second feed pipe for
feeding water into the mixing tube, the second feed pipe joining at that end of the

mixing tube at which the first feed pipe also joins.

10. A water bath, in particular basin (18) of a cooling tower (17), characterized in that
an apparatus (1) according to any one of claims 1 to 9 is immersed, at least with its
mixing tube (2), in such a way that ancillary water from the water bath enters the

mixing tube (2) through the anciilary entry opening (10).

11. A water bath according to claim 10, characterized in that the exit water pipe (13)

opens into the water bath.



11.A water bath according to claim 10, characterized in that the exit water pipe (13) opens into the
water bath. 15 12.A water bath according to claim 10 or 11 characterized by a feed water pipe (11)
leading from the water bath to the nozzle (12).
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12. A water bath according to claim 10 or 11, characterized by a feed water pipe (11)

leading from the water bath to the nozzle (12).



