5 Device and nethod for treating |liquids by means of ozone 10The
present invention relates to a device for treating |iquids by neans
of ozone, having the features of the pdeanble of claim1, and to a
met hod for treating |iquids by neans of ozone, having the features of
the preanble of claim1l. Increasingly high requirenents are placed
on the quality of drinking I Swater and service water. Contam nations
by organi c substances are increasingly being recognised as harnful to
heal t h, thereby maki ng renoval necessary. On the other hand, such
substances are nore and nore frequently reaching the groundwater and
surface water. One exanple of this is the increasing concentration of
phar maceuti cal 20residues in surface water. Such contam nations are
reduced using various neans. One of these neans is the oxidation of
organi c contam nations. This is particularly effectively achieved in
t he so-called "Advanced Oxi dation Process"” (AOP), in which ozone and
hydr ogeg peroxi de are introduced into the 25 contam nated water and
then react with one another to forma hydroxyl radical. This hydroxyl
radical is a highly effective oxidising agent. Fromthe docunent US 5
578 205 it is known to add firstly hydrogen peroxide to a flow of
contam nated water and then to add ozone -2 downstreamin a single
step. In this way, inpurities in the treated water are at | east
partially broken down. The docunent EP.0 561 458 Al describes a

met hod for Bgvdseiafly septhed far teeadpaliquidgby imeapstof0z8)8en and
ozone are fed at high pressure into the water in a reaction

5contai ner. Hydrogen peroxide can then be added later in a separate
reacti on contai ner downstream of the ozone feed point. The docunent
EP 1 021 377 Bl describes a nethod for treating contam nated water in
whi ch é2ondhgriirergul byentiperelatas tacededge fivr weetipgiliquids Ime means of

wat er ozone, having the features of the preamble of claim 1, and to a method
for treating liquids by means of ozone, having the features of the
preamble of claim 11.

Increasingly high requirements are placed on the quality of drinking
15 water and service water. Contaminations by organic substances are
increasingly being recognised as harmful to health, thereby making
removal necessary. On the other hand, such substances are more and
more frequently reaching the groundwater and surface water. One
example of this is the increasing concentration of pharmaceutical

20 residues in surface water.

Such contaminations are reduced using various means. One of these
means is the oxidation of organic contaminations. This is particularly
effectively achieved in the so-called "Advanced Oxidation Process” (AOP),
in which ozone and hydrogen peroxide are introduced into the

25  contaminated water and then react with one another to form a hydroxyl

radical. This hydroxy! radical is a highly effective oxidising agent.

From the document US 5 578 205 it is known to add firstly hydrogen

peroxide to a flow of contaminated water and then to add ozone



fl ow and both substances are then simultaneously fully dissolved and
to distributed in the water in a highly effective m xi ng device
within a few seconds. This is intended2 o prevent the fornmation of
bromate. Bromate is suspected of having a carcinogenic effect. There
is therefore an upper limt for the perm ssible bromate content in

dri nki ng Weomstrdaingl inatdivglel step NtreBsiedvd\e iMplirfesantthe tresit wakerof
bromate in the event that 15brom de ions exist in the water to be

treated. TRE® dbseamsmarislly bsgemdewn? ThestadumeentaERbt Hok 4P8rAL
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according thereto. 20 The object, of the present .invention is that of
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movabl e parts. 5 The di nmensioning of the feed devi'ce preferably
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t he wat, er g;gm%aé BGLE ei?t;ﬁg@tehﬂgt&dt\é%%%a%d.v"ater t akes between 0.5

seconds” and appr oxI ma secon ut preferably between 1 and 10
seconds, between | eaving one m xer and entering the next m xer.
The document US 7 595 003 B2 describes a method for disinfecting

ballast water on board ships by means of ozone. In order to avoid high
bromate concentrations, the concentrations of bromide and bromate are

monitored and the injection of ozone is controlled according thereto.

20 The object of the present invention is that of further minimising the
formation of bromate in water which contains bromide ions and which is

treated with ozone.

This object is achieved by a method and a device having the features of

the independent claims.

25 Because the feed device feeds ozone into the water flow at one point, and
because a plurality of mixers for mixing the ozone into the water are
provided downstream of the feed point, wherein the mixers are arranged
at a distance from one another so that a reaction zone forms between the
mixers, the ozone is mixed into the water flow in stages so that the

30  absolute quantity of the ozone introduced into the water increases with

each mixing stage. This prevents the occurrence of excessively high local



10 In one preferred enbodi nent, the feed systemis arranged in a pipe
whi ch conprises a plurality of straight sub-sections and U shaped
connecting pieces arranged therebetweerd -In connection with the
description below, this node of construction will be referred to as a
"pipe that is bent in a |loop-like manner” for the sake of sinplicity.

15For ACP piifsefaieszord comderReatRirAHRA Whald laafiesd rgnidtigH ohydr ogen
peroxi de or other reagents is provided upstream of the ozone feed

poi nt. Fi n&reipatehe devi ce may al so be configured such that an
irradiation with el ectromagnetic waves, in particular with U/
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20Exanpl es of exe ary e dinents of the present Invention
descri bed iemynppeabletpirts.bel ow with reference to the drawing, in
which: Fig. 1: shows a schematic view of a feed system according to

the inventi g " J..C ' ' .08,
g, 2 Ssnone Ahshfing BFkfe 186d RVIce RercraBRZbrRlts BThetstapcpne
25i nvent i obetwean ltbepniaeraagd thatflowrgte & thehwakeraarbeadedydtserhwhiah a

schematically .illustrated irradiatio nit: and Fig. 4:. sho he
curve of ¢ ReaIEe 8 WRkeinlsS Betfhet, Sascand Spepasiaileh 30t he
feed systeretésods,itd: préferdabd: bdiveedte MaiHLC 80 lskcoh@yvbeaawkendesyingedRd or
f eedi ng gaseous ozone into the flow of contam nated water. The feed

system i s dniXghgad smieEngithe NexXsenideEn an inlet 2 and an outlet 3. In
a known manner, the pipe 1 is 5made froma material that is not

att ackaq byn Qe lraeBUbadinfertt; 13 MY Epsieh! R°rBhobY 't o pibE

instal lation ocat ed upstream of the I and downstrea
outl et 3 amdikmewmpirisema plirplityoel sfraighThebesegtions ledudishiaped

syst om shogrPacft BRCERIRRT vEreBal et horRBERa R g oar -
t oori ent at idescription below, this mode of construction will be referred to as a “pipe

that is bent in a loop-like manner” for the sake of simplicity.

15  For AOP processes, it may be provided that a feeding-in of hydrogen

peroxide or other reagents is provided upstream of the ozone feed point.

Finally, the device may also be configured such that an irradiation with
electromagnetic waves, in particular with UV radiation, is provided

between two mixers or after the last mixer.

20 Examples of exemplary embodiments of the present invention will be

described in more detail below with reference to the drawing, in which:

Fig. 1: shows a schematic view of a feed system according to the

invention in a horizontal or vertical linear configuration;

Fig. 2: shows a space-saving design of a feed system according to the

25 invention in a loop arrangement;

Fig. 3: shows a feed system with a schematically illustrated irradiation

unit; and

Fig. 4: shows the curve of the feed efficiency of the ozone over the



In Fig. 1, the flowdirection runs fromleft to right, that is to say
fromthe inlet 2 to the outlet 3. Provided i medi ately adjacent to
the inlet 2 is a schematically illustrdted ozone feed point 4 which
is configured as a nozzle lance, injection point or as a ceramc
inlet elenent and is arranged 15in the main flow of the water. A

first mxer 5a is|gtRngeHe douisl samiim i@ pzone feed point 4. This
is preferably a so- caIIed static m xer whi wor ks wi t hout any

novabl e conponents and brings the ozone, mhlch isinitially in gas
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30 seconds, but preferably between 1 and 10 seconds, through the pipe
1. It thenfeasheysiemashioundn Fiani seaohe Brangeacein mowﬁbntalamdevqgmah
di ssol yES gggh%kormtely 20% of the gaseous ozone. Located downstream
of the second mxer 5b is a second reaction zone 6b into which in
turn approxi mtely 50% of the gaseous ozone is -5 transported with

t he mai n f [oWwg.vhithe fidwe chiieci;lohvadscfzmndeftan metss tthad ishtot $wy from the

cont am nat i r ent i dence ti in,t second
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whi ¢
operat es I nRezledanee rigieckiopg?oinhohAg & ﬁ%’aﬁ@édﬁ@t ,@;g@pmggnd T%érrtalﬁ‘igleé
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m xer reaction zone 6d, a fifth mxer 5e and a fifth

reaction zone 6e and a last, sixth mxer 5f which is arranged
i medi at el B prgmle(aﬁﬁ@flstaﬁeanged downstream of the ozone feed point 4. This is

preferably a so-called static mixer which works without any movable
components and brings the ozone, which is initially in gas form, into
intimate contact with the flowing water solely on the basis of turbulence

20 formation and thereby dissolves a portion of the gaseous ozone. The
mixer 5a is designed in such a way that the introduced ozone is not
completely dissolved but rather initially only a proportion of
approximately 20 to 30% is dissolved. Therefore 70 to 80% of the
gaseous ozone remains undissolved in the main flow of the water to be

25 treated in the pipe 1. A first reaction zone 6a is provided downstream of
the first mixer 5a. The water containing the partially dissolved ozone
flows substantially undisturbed into this reaction zone for a time between
0.5 seconds and approximately 30 seconds, but preferably between 1 and
10 seconds, through the pipe 1. It then reaches a downstream second

30 mixer 5b which once again dissolves approximately 20% of the gaseous
ozone. Located downstream of the second mixer 5b is a second reaction

zone 6b into which in turn approximately 50% of the gaseous ozone is



10outlet 3. In this exenplary enbodinment, the mxers 5a to 5f and the
reaction zones 6a to 6e are of identical design and size. Therefore,
proceeding fromthe inlet 2, the full- uantity of ozone is firstly
added in gas format the ozone feed point 4. As the main flow passes,
the m xers 5a to 5f each 15 m x the gaseous ozone into the main flow

such that Eﬁar&ﬁb?ﬂe@'W&th@Sﬁh?ﬁ%w! Wh‘il@‘%hé@%&@d‘bzéﬁ@%hQ@aéto\ﬂ%hfSa
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t hat S%he gaggg is still nostly in gas formafter the first m xer
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from the inlet 2, the full quantity of czone is firstly added in gas form at
the ozone feed point 4. As the main flow passes, the mixers 5a to 5f each
15 mix the gaseous ozone into the main flow such that it partially dissolves.
In the subsequent reaction zone 6a to 6e, the dissolved ozone can then

react with the contaminations that can be oxidised.

In a known manner, the mixing eiements are made from a material that
is not attacked by oxidising agents (e.g. stainless steel or PVC). The
20 number of mixing elements can be adapted to the specific task, but the

number should not be less than two mixing elements.

The design and arrangement of the mixers and of the reaction zones

means that the concentration of dissolved ozone increases only slightly

from reaction zone to reaction zone. This gentle introduction of the ozone
25  prevents local high concentrations of dissolved ozone and thus prevents

the formation of bromate.

Upstream of the inlet 2, another substance suitable for breaking down

harmful substances may also be added to the main flow of the water to

be treated, for example hydrogen peroxide. Here, too, the effect is that
30 the ozone is still mostly in gas form after the first mixer and will not react

with these substances. In the case of adding hydrogen peroxide, this



It is also possible that the hydrogen peroxide is introduced into the
water 5 flow not upstream of the ozone feed point but rather after
the first reaction zone 6a. The m xi ngeof- t he hydrogen peroxi de then
takes place via the m xer 5b. By virtue of this node of operation,

t he advantage is obtained that substances which react directly with
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zones.

The progress of the dissolved ozone concentration over time and the
sequence of the reaction zones in which the ozone or the hydroxyl
radicals react with the oxidisable substances contained in the water

20 means that particularly low rates of production of undesired oxidation
by-products, particularly of bromate, are achieved. In systems in which
ozone is already completely dissolved in a first, highly effective mixer,
more bromate is formed.

Another exemplary embodiment of the present invention is illustrated in
25  Fig. 2. Here, the pipe 1 is bent between the inlet 2 and the outlet 3. The
ozone feed device 4 is provided after the inlet. This is followed in the flow
direction by the first mixer 5a and the first reaction zone 6a. A pipe elbow
7 deflects the main flow through 180° into the opposite direction. The
main flow then enters the second mixer 5b and the second reaction zone
30 6b. These are followed once again by a pipe elbow 7 which deflects into a
direction parallel to the original main flow. The third mixer 5¢ and the

third reaction zone 6¢ follow. These are followed once again by a pipe



7 el bow 7 which leads to the fourth m xer 5d and the fourth reaction
zone 6d. Finally provided is a |ast pipe elbow 7 which |eads to the
fifth mxer 5e and the fifth reaction Zore 6e. The latter finally

opens into the outlet 3. For the water treatnment, approximtely the
sanme structure and the 5 sane node of action are obtained as in the
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This region represents the fourth reaction zone 25 Inthis
exenpl ary @evouyarda: the mais floves dirpeden eherains tmso:e@ne gas |bubbtﬂ5abw’fon
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conpri ses sta nl ess st eel e ich is.installed in an 30 existing
pi pel i ne by 6?856??%? 8”?”%%%.5 TeRENdf ”ﬂ’fﬂeé‘sﬁgf emtters are then

arranged in the interior of the reactor, said emtters irradiating
the flow ngid. Imh@lwg\Aahbttaerd@terﬂgmplcesﬁb@mrﬂéﬁtnadmth A firsWiFradration

| ow- pressure emitters or nercury medi umpressure enmtters are
pr ef er abl y 'ggieq. 10 gnd a second irradiation region 11 are provided in addition to
20 the oxidation described above. The irradiation regions 10 and 11 serve
for introducing electromagnetic radiation into the main flow of the water
to be treated, namely in the region between the mixers 5b and 5c, which
represents the second reaction zone 6b, and in the region between the
mixer 5d and the outlet 3. This region represents the fourth reaction zone
25  6d in this exemplary embodiment. It is also possible to install an

irradiation region after the last reaction zone.

A UV reactor, as known for example from the disinfection of drinking
water, may be installed in the pipe 1 in each of the regions 10 and 11.
Such a UV reactor comprises a stainless steel pipe which is installed in an
30 existing pipeline by way of suitable flanges. One or more UV emitters are
then arranged in the interior of the reactor, said emitters irradiating the
flowing liquid with a defined dose of UV radiation. Mercury low-pressure

emitters or mercury medium-pressure emitters are preferably used.



By conbining the UV radiation with the oxidation process, it is

possi bl e that harnful substances which are known to be

phot o-sensitive (for exanple NDVA) can&e elimnated in parallel with
t he ozone + H202 conbi nati on. Hydroxyl radicals can be generated by
irradiating dissolved 50zone with UV rays. This results in the
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per oxi de d‘ééﬁcéﬁtrétf?@né?B?ttltﬁ%diﬁé‘riént%sfbﬂ'@cMﬁ’{t}i‘r@ciJr{sQ% florkhgriveher to

be treated. By virtue o is manner of control, the required

quant i t i es P6Pcessdp®ravider\as dgesHiper oxi de can be adapted by the

control -9 unit of the systemto the quantity of water to be
treat ed, T%r‘ﬂl’ﬂ'@@ﬁﬁé@’e%r&ug@nﬁ Q‘#Eﬁafﬁ{@&s'ﬂﬂatc RS v L93Rl i@scﬁﬁ%@r oi ned
by a suitable neasuring dévice. e nmeasurenent nay takeé placé either

directly afmegsugactentianer adjastroest systdmechraviedast forcondrelitathe 6e or
LU s§/s %r‘ﬁ.nflhis superordinate control system includes adjusting the
required ozone quantity and the required quantity of hydrogen peroxide
and measuring the concentrations of ozone in the gas phase and water
25 phase as well as the concentration of hydrogen peroxide in the water
phase. The required ozone quantity is adjusted by adapting the ozone
concentration in the product gas and adapting the product gas flow. The
required ozone quantity is calculated by defining the required ozone dose
on the control unit and the volume flow of the water to be treated. The
30 required quantity of hydrogen peroxide is likewise calculated by defining
the hydrogen peroxide dose on the control unit and the volume flow of
the water to be treated. By virtue of this manner of control, the required

quantities of ozone and hydrogen peroxide can be adapted by the control



50f the mxing and reaction section. Determning the quantity of

di ssol ved ozone has the advantage that, by virtue of this

measur ement, the required ozone quanti )y -can be adapted to the actual
ozone consunption. If the dissolved quantity of ozone should exceed a
value to be defined, either the quantity of produced ozone can be
reduced, t haidofSteodystommyidr dgeaupeityxofdeatartobse treetedhsed or the WV
radi ati on can be increased or sw tched on. The measurenent at the end
of the m xi and .reaction section, serv re t t here i
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result. Fig. hows, in a schematic diagram how the ozone
efficiency 0@@%@@5\9@1 wyetha measyrynANt abthe ﬁedmfptéelmwraﬂranﬁgeagtlon
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i s denoted by fhe neasurenent 0| nt of to reaching the first
m xer S, BUPBELY 65 Hstore Paubstiia 86 a8 woR. Fhco the vat er
phase. After passing the first m xer 5a, approximtely 300/c of the

gaseouss 0zghe hyairbganpeedxiad ddmt@ntraaom&taﬁrb@hé’e@mlaad dftertiDBas been
subsequent reaction zone 6a, which is denoted by the region 14 in the
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determined at the end of the mixing and reaction section in order to be

able to ascertain the efficiency of the process.

20 By virtue of the control unit and the determination of the parameters
mentioned above, the system can react autonomously to any change in
the water quantity and in the composition of the water to be treated. As
a result, an efficient process is provided in which only the quantities of
ozone and hydrogen peroxide that are actually required are introduced.

25  The operating costs can be reduced as a result.

Fig. 4 shows, in a schematic diagram, how the ozone feed efficiency
develops over the length | of the pipe 1 from Fig. 2. Proceeding from the
length O, which coincides with the inlet 2, the introduced quantity of
ozone is initially 0. The introduction of the full quantity of gaseous ozone
30  at the location of the feed point 4 is denoted by the measurement point
12. Prior to reaching the first mixer 5a, barely any ozone is transferred



el ements. Wthin the reaction zone 6a, the transferred ozone can
react with the oxidi sabl e substances contained in the water so that,
prior to entering the second m xi ng el 8ent 5b, nost of the

i ntroduced ozone has reacted. After passing the m xer 5b, the
proportion of the ozone 1l0effectively introduced into the water rises
t o 55% and irithi thel wateegdaset am%aseim§MMe’quent5ar epptoximatelye 6b.
Wthin the rg/a tfl on zone 6b, t he introduced ozo
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boat t e oubthe SSPEEE sIBREDCES shfifiEy T Had feldr SR HRRY Hrif o
flow of t h%nwﬁxﬁ? t@é‘det@ﬁd FARGIgEE emdntGl) BstSerthd imdioduted Brankl Has
of ozone avail e for the reaction with the oxidi sabl e subst ances

that are | FReWrdeATRESISEEG the MRl el RIOBATYOm S e RZ80e and 35%
in the firskrekB96H ﬁ&o?&aesd%oa% hepaeddieressa, Qﬁd%ﬁfsﬁ%ﬁﬁaggg to

sur pl us of ozone. ormati on of esired substances suc
bromat e i s 60f6tihitke wapskepznt mactlwhaoozcﬁta Webih By tesmtiosi zang Gist one

{ed PO ol PR BShR R B P WL o DY IELE B0 Bl
poi nts. Raf enenceser.JAftet p@ssing ithé etixer 5¢, the proportion of transferred
ozone rises to 75% and this increases to approximately 80% when
15 passing the reaction zone 18. After passing the mixing element 5d and
the reaction zone 6d, the proportion of effectively introduced ozone is
approximately 95%. Finally, upon passing through the fifth mixer 5e, the
quantity of effectively introduced ozone reaches 100%. This means that,
in the fifth mixer 5e, the ozone added to the main flow as gaseous ozone
20 at the ozone feed point 4 has been fully transferred into the main flow of

the water and has reacted.

It can be seen that the quantity of ozone available for the reaction with
the oxidisable substances that are likewise dissolved in the water is only
between 30 and 35% in the first reaction zone 6a and hence there is no
25 increased surplus of ozone. The formation of undesired substances such
as bromate is in this way kept low. The ozone feed system using just one
feed point 4 remains simple and does not require any complicated
adjustment as is necessary for example when there are several feed

points.



3. outlet 54. ozone feed point 5a. m xing element 5b. m xing

el ement 5c. m xi ng el enent 5d. m xing el enment 105e. m xi ng
el enent 6a. reaction zone 6b.lkeaction zone 6¢c. reaction
zone 6d. reaction zone 157.pipe el bow 8. outl et 10.
irradiation region 11. irradiation region 12. measurenent point

2013. neasBeérentepoi nt

1. pipe
2. inlet
3. outlet

5 4. ozone feed point
5a. mixing element
5b. mixing element
5c. mixing element
5d. mixing element

10 5e. mixing element
6a. reaction zone
6b. reaction zone
6c. reaction zone
6d. reaction zone

15 7. pipe elbow
8. outlet
10. irradiation region
11. irradiation region
12. measurement point

20 13. measurement point

14. reaction zone 6a



14. reaction zone 6a - 12 - 15. neasurenent point 16.
reaction zone 6b 17. neasurenent point 18. reaction zone 6¢C
5C. feed efficiency |.length - 13 --Clains 5 1. Device for treating
| i qui ds by neans of ozone, conprising a pipe (1) in which a main fl ow
of the liquid is guided in a flowdirection froman inlet (2) to an
outlet (3), cobBprimeabpgreaneoizpoietfeed point (4) at 10whi ch ozone can
be introduced in gas forminto the main flow, and conprising at | east
two m xers (5@ C SPé whi ch_are | ocated downstream of the ozone feed
poi nt (4), chi®-act@HEBARe At the mixers (5a ... 5f) are arranged
at a distance fromone another, wherein at | east one 15reaction zone
(6a ... 6e) is7fomeeduhehveepoinbe m xers (5a ... 5f),

18. reaction zone 6¢
5 C. feed efficiency

. length



and in that the mxers (5a ... 5f) are designed in such a way that

t hey each dissolve only a portion of the ozone in the main flow that
has been introduced in gas form 2. PeVBce according to claim
1,characterisedin that the 20m xers are in each case static mxers
wi t hout any novable parts. 3. Device according to any one of the
precedi ng clains, characterisedin that ozone is fed into the water
flow at just one point. 4. Device according to any one of the
precedi ng cl ai ns, 25characterisedin that the distance between the

m xers (5a ... 5f) and the flowrate of the liquid are sel ected such
that the residence tine for a volume of water in one of the reaction
zones (6a ... 6e) between | eaving one m xer and entering the next -

14 - mxer is between 0.5 seconds and 30 seconds, preferably between
1 and 10 seconds. 5. Device accordi ng to any one of the preceding

clainms, characterisedin that the m im®s, ... 5f) and the 5reaction
zones (6a ... 6e) are arranged in a pipe that is bent in a |oop-Ilike
manner. 6. Device according to any one of the preceding clains,
charactérisedin that the mxers (5a ... 5f) and the reaction zones
(6a ... 6e) are arranged in a vertical orientation. 107.Device

according to any one of the preceding clainms, characterisedin that a
feedi ng-in of hydrogen peroxide or other reagents is provided.

8. Devi ce according to claim 7 characterisedin that the
1.  Device for treating |zqu1ds by means of ozone, comprising a pipe (1)

in which a main flow of the liquid is guided in a flow direction from
an inlet (2) to an outlet (3}, comprising an ozone feed point (4) at
10 which ozone can be introduced in gas form into the main flow, and
comprising at least two mixers (5a ... 5f) which are located
downstream of the ozone feed point (4),
characteris e dinthatthe mixers (5a ... 5f) are
arranged at a distance from one another, wherein at least one
15 reaction zone (6a ... 6e) is formed between the mixers (5a ... 5f),
and in that the mixers (5a ... 5f) are designed in such a way that
they each dissolve only a portion of the ozone in the main flow that

has been introduced in gas form.

2. Device accordingtoclaimli,characterisedinthatthe

20 mixers are in each case static mixers without any movable parts.

3.  Device according to any one of the preceding claims,
characteris edinthatozoneis fed into the water flow

at just one point.

4, Device according to any one of the preceding claims,
25 characteris edinthatthe distance between the
mixers (5a ... 5f) and the flow rate of the liquid are selected such
that the residence time for a volume of water in one of the reaction

zones (6a ... 6e) between leaving one mixer and entering the next



feeding-in is provided upstream of the ozone feed point (4).

159. Devi ce according to claim7,characterisedin that the feeding-in
is provided downstream of the ozone fe&dl point (4) between two m xers
(5a ... 5f). 10. Device according to any one of the preceding clains,
characterisedin that a region (10, 11) for irradiation 20with

el ectromagnet i gniway esbetwedtan!s sedatdsvid 30\ eafd &t phr@ferably BéﬁWé@l?d
between at |least two mxers or after the last mxer (5a ... 5f).

Met hod for tre@ FAnk’ E8¢ANH nated |iquids in a fl ow by neans of

ozone, characterisedin that the ozone is fed in gas 25forminto the

flow at ong poigdyi@geddrihg © Fhyefel dHiPeldiectdin d@ ages by means

of mixers (5a ... 5f) follow ng one another 1 n t W direction, so
that the absol @tb quam ct i Ebfl' mﬁodulﬁé@abibﬁéﬂlkﬁw éiase-s 547 eed thach
rrixerutilaf % eached. .15 -
12. Met hod accor 'O%f%b'% 5r8aa§:’ er %gélén %ea agﬂgr?gnltén ged

into the water Idd;:t)vmatmarmér one p0| nt. 13. Method according to any
one of the preceding clains 11 - 12, characterisedin that the

di st b the 5 the fl t f th
' aui d-ar e oot SRV adaRanien "[0?rméOﬂssq?&éﬁ&gef?wﬁgf%éwnvﬁf?ofuﬁe of

liquid in one efht&er recti @ 7@nesd(iBxhat thE&ixes peen, prgha%@ne
m xer and enteri ng{ the next mxer is between 0.5 seconds and 3

seconds, pref ef@dfiPHEINRSEIPA --a @) AUC SECRIHIES! Iﬂl@yartlcraétqﬁ@@tmr di ng
to any one of the preceding clains 11 - 13, characterisedin that a

Igﬁglan});rcl evof B QUSRI FEN P bneldtahe HRBEMNT A&k, the 1iquid
P characteris e dinthata feeding-in of hydrogen

peroxide or other reagents is provided.

8. Device accordingtoclaim?7, characterisedinthatthe

feeding-in is provided upstream of the ozone feed point (4).

15 9. Device accordingtoclam7, characteris edinthatthe
feeding-in is provided downstream of the ozone feed point (4)

between two mixers (5a ... 5f).

10. Device according to any one of the preceding claims,
characterisedinthataregion (10, 11) for irradiation
20 with electromagnetic waves, in particular with UV radiation, is
provided between at least two mixers or after the last mixer (5a ...
5f).

11. Method for treating contaminated liquids in a flow by means of
ozone, characteris edinthatthe ozoneis fed in gas
25 form into the flow at one point and then is mixed into the flow in
stages by means of mixers (5a ... 5f) following one another in the
flow direction, so that the absolute quantity of introduced ozone
increases after each mixer until a feed efficiency of more than 95%

is reached.



15. Method according to claim14,characterisedin that the feeding-in

t akes pl ace upstream of the ozone feed point (4). 1516. Mt hod
according to claim 14, characterisedin 1fhat the feeding-in takes place
downstream of the ozone feed point (4). 17. Method according to claim
16, characterisedin that the feeding-in takes place in one of the

reaction zonesMdRod accORiing 18 cldvRf Dodcas @ rdhng ¢ @ ANYs A 9 thhe
preceding clains 11 - 17, 20characterisedin that an irradiation with

el ect romagnet i ©Z0R& &sfed mtpaheiwateaflow ahjusy angdveint-on, takes pl ace
between at | east two mxers or after the |ast m xer (5a ... 5f).

13. Method according to any one of the preceding claims 11 - 12,
characteris ed inthatthe distance between the
5 mixers (5a ... 5f) and the flow rate of the liquid are selected such
that the residence time for a volume of liquid in one of the reaction
zones (6a ... 6e) between leaving one mixer and entering the next
mixer is between 0.5 seconds and 30 seconds, preferably between 1
and 10 seconds.

10 14. Method according to any one of the preceding claims 11 - 13,
characteris edinthatafeeding-in of hydrogen

peroxide or other reagents into the liquid takes place.

15. Method accordingtoclaiml4,c haracterisedinthat

the feeding-in takes place upstream of the ozone feed point (4).

15 16. Method accordingtoclaiml4,characterisedinthat

the feeding-in takes place downstream of the ozone feed point (4).

17. Method accordingtoclaiml6,characterisedinthat

the feeding-in takes piace in one of the reaction zones (6a ... 6e).

18. Method according to any one of the preceding claims 11 - 17,
20 characteris edinthatan irradiation with
electromagnetic waves, in particular with UV radiation, takes place

between at least two mixers or after the last mixer (5a ... 5f).



