
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.
Chlorine dioxide [C102] 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 [Hal is
reacted with sodium chlorite [NaC102] to give chlorine dioxide, water [H2O] and sodium chloride
[NaCl}: 5 NaC102 + 4 HCI -> 4 C102+ 5 NaC1+ 2 H2O In the chlorite/chlorine process, the
stoichiometry of the reaction is: 2 NaC102 + C12 -> 2 C102 + 2 NaCl  2 In the chlorate process,
sulphuric acid [H2SO4] is reacted with hydrogen peroxide [H7021 and sodium chlorate [NlaC103] to
chlorine dioxide, sodium sulphate [Na2SO4], oxygen [02] and water: 



2 NaCI03+ H202 + H2SO4 -> 2 CIO2+ Na2SO4+ 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 disadvantage of this apparatus is that the mixing tube, producing flow resistance in the water
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 suction chamber is 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 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 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.  3 In order to control the strongly
exothermic sulphuric acid process, the feed pipe for the aqueous sulphuric acid is provided with a
cooling device. This makes the design of the apparatus comparatively complicated. JP 2002-220207 A
discloses an apparatus for adding chlorine dioxide to water, which apparatus carries out a
hyperchlorite/chlorite-based process in two stages: Stage 1:NaCIO + 2 HCl -> Cl24 NaCl + H20 Stage
2:2 NaC102 + Cl2-> 2 C102 + 2 NaCI For this purpose, the two reaction components sodium
hyperchlorite [NaC10] and hydrochloric acid [HCI] are first mixed and react in a first section of a mixing
tube. At the end of the first section, an ancillary entry opening is arranged, through which sodium
chlorite [NaC102], 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 Cl2 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 Al discloses
an apparatus for increasing the concentration of chlorine 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. 



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 and has a robust design and enables differing chlorine dioxide syntheses based on two
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,
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 chlorine dioxide abruptly
with ancillary water before entry into the suction chamber, so that  5 decomposition of the chlorine
dioxide present in high concentration is suppressed and the concentration thereof is shifted to a safe
range in the mixing chamber itself. It is in principle possible to arrange the ancillary entry opening
upstream of the jointly points. However, this could lead to 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 into the mixing tube. As has already proved useful in the prior art, nozzle and exit water pipe
should he arranged coaxially with one another in the region of the suction chamber. 



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 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.  6 Corresponding
processes are disclosed in WO 2009/077309 Al and in VVO 2009/077213 Al, respectively. In order to
generate flow conditions which promote the reaction in the mixing tube, the slenderness ratio of the
mixing 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.  7 



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 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.  8 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 all other components
of the apparatus 1 - consists of stainless steel. 



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 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  9 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 C102 content of 2 grams per litre. Table 1 ' SizeII Production
rate for chlorine dioxide [kg/h] 1 1020 



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 



[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 



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



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 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  10 and the base
plate 3. A closed force flux prevails via clamping set 14, suction chamber 4. mixing tube 2 and base
plate 3 and prevents bursting of the apparatus in the case of an explosion of the components within
the apparatus. Moreover, owing to the clamping set, mixing tube, base plate and suction chamber are
joined in an interlocking manner to one another so that material bonding of these components, which
is problematic in the case of this material combination, is dispensed with. Furthermore, the clamping
set 14 has strain relief means 15a, 15b for the hoses 9a and 9b, and an eye bolt 16 for lowering the
apparatus 1 in a water bath. 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 ts 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,  11 plate 3 on
the bottom of the basin 18. The mixing tube 2 extends vertically through the water to be treated. The
two reaction components are transported from respective tanks 8a, 8b via hoses 9a, 9b, driven by
metering pump 7a. 7b. into the apparatus 1. The feed water originates from the cooling circulation and
is passed into the apparatus 1 by means of the feed water pipe 11 branching off from the return pipe
20. The deliver/ pressure is finally built up by the cooling water pump 19. The feed water mixes in the
suction chamber with the freshly prepared chlorine 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.  List of reference numerals 1Apparatus 2Mixing tube 3Base plate 4Suction
chamber 5aFeed pipe one 5bFeed pipe two 



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



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 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 chlorine dioxide and free of reaction
components into the mixing tube (2). 



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,
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 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 any one of claims 1 to 6, characterized in that the slenderness ratio of the mixing tube (2),
measured from the joining point (6) located furthest downstream to the ancillary entry opening (6)
located closest upstream, is between five and eight. 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 no771e,
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 ancillary entry opening (10). 



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). 


