M XI NG APPARATUS Fi el d of invention The present invention relates to a

m xi ng apparatus for mxing two or nore substances to facilitate

di ssol ut iwp 2086/06834i Nto the other. Mire particularly, becrsetowelusi vely,
the present invention relates to a m xi ng apparatus for dissolution of a
gas into a liquid. Background of invention There are many industri al
processes that require dissolution of agne or nore fluids into another.
However, the physical and chem cal properties of the fluids sonetines limt
their inter-mscibility, which Nﬂ?@% aPef{e&tige dissol ution. Furthernore,
there are occasionally additio ints i n energy, cost and space.
Dependi ng on the constraints, presently known industrial nethods of

di ssolution are sonetimes not applicable or effective. An exanple of a
process which requires dissolution of a not-so-soluble gas in a liquid

sol vent i Elelthef HIVESEORt | on of ozone in cool ant water of an air conditioning
system or- heat exchange system as will now be described. Cool ant water of

an air conditioning systemis used to absorb heat in heat exchangers. The
heat is subsequently renoved fromthe cool ant water bypassing the warned

wat er g hr guglprasettahvargtidromgates The mixirgy appdratusiar enixing two or more
substances to facilitate dissolution of one into the other. More particularly, but
not exclusively, the present invention relates to a mixing apparatus for

dissolution of a gas into a liquid.

10 Background of invention

There are many industrial processes that require dissolution of one or more
fluids into another. However, thé physical and chemical properties of the fluids
sometimes limit their inter-miscibility, which hampers effective dissolution.
15  Furthermore, there are occasionally additional constraints in energy, cost and
~ space. Depending on the constraints, presenﬂy known industrial methods of

dissolution are sometimes not applicable or effective.

An example of a process whicﬁ requires dissolution of a not-so-soluble gas in a
20 liquid solvent is the dissolution of ozone in coolant water of an air conditioning

system or heat exchange system, as will now be described.

Coolant water of an air conditioning system is used to absorb heat in heat

exchangers. The heat is subsequently removed from the coolant water by



then recycled into the air conditioning systemfor further heat exchange.
Typically, the coolant water enters the cooling tower through spray nozzles
and i s paseadodihsszugh perforated plates which breaks thecspcaysioni2as snal |
wat er droplets. The droplets then drip into a reservoir in the cooling
tower against a forced upward flow of air. The counter-current airflow
causes sone of the droplets to evaporate2 thus renoving heat fromthe nmain
body of water. The upward airflowin a cooling tower is created by a fan

that conti me@umithdrddiinéd wabiafrigalcoBling Bt aRANBERBINY Fhforfis Om L he

surroundi ng environnment. Inevitably, airborhe m cro-organisns and organic

ol lutants ' | ' he anbiepnt air and they
Cont am nat L CsHERS 10 BT ConBBrB CeE R B AT aeGene
wel | -aerated cool ant water provides a suitable condition for bacteria and
al gae to flourish, organic sludge and m neral deposit accunulates in the
cooling systemover tinme. Sone bacteria that thrive in such cool ant water
have been Hieinallyotheenmant wates esigrsithagopling tawenthrowsh spseymmzzles and
Legi onnaires' disease is contracted by inhaling airborne water droplets

f rom ai 8 - cempasseshthrgugly peeiveatedfatesdvivich brédies thacspray intbeghainweldra.
Therefore, since the water is used and recycled continuously, there is a

need to cl epaplanyd THeSABHRAS théIedNBlRD 4 REENASH Ih ReScdBRhadwer aghitishhect i ng
cool ant water on an industrial scale is to use ozone,
forced upward flow of air. The counter-current airflow causes some of the

droplets to evaporate, thus removing heat from the main body of water.

10 The upward airflow in a cooling tower is created by a fan that continuously
draws in large amount of unfiltered ambient air from the surrounding
environment. Inevitably, airborne micro-organisms and organic pollutants from
the environment are drawn in with the ambient air and they contaminate the
coolant water. As the continuous re-cycling bf the well-aerated coolant water

15 provides a suitable condition for bacteria and algae to flourish, organic sludge

and mineral deposit accumulates in the cooling system over time.

Some bacteria that thrive in such coolant water have been known to cause life-
threatening infections. For example, Legio.nnaires' disease is contracted by

20 inhaling airborne water droplets from air-conditioning systems infected with the
bacteria Legion Ella. Therefore, since the water is used and recycled

continuously, there is a need to clean and disinfect the water regularly.



whi ch requires the aforenenti oned di ssolution of ozone in water. Ozone is
stronger than chlorine as an oxidant and is a powerful biocide that can be
used overwe 20¢iacgsl range. The strong oxi di si ng propert pceiSGaasmneoxsn
effectively control the growh of m cro-organi sns and reduces gener al

bi omass. In general, ozone treatnent is.considered one of the nost powerful
treatnents for disinfecting industrial water. Furthernore, ozone has a

hal f-1ife of |ess than 10 m nutes at anbient tenperature and thus unwanted

damage caughtb Rethd@ oPdisthrabiith BAABART WhtHorPZR Mddrial SHAaPd RIMC@L BSone

controlled by tenperature regul ati on. \Wen ozone breaks down, it becores
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The solubility of ozone in water in general is a major concern for nmany

appl i cati o®yer asvidevrd eangg. Theoslrang D¥idising pronsrtysoft sronsotameffectvaly ozone

in water, i.e. solubility of ozone in water increases with a drop in

t enper abur eontfoltresgronthiof hiiow-omndnigms anhdwetieces gehotdf biomass.dw general,

tenperature is an energy intensive process and is not always feasible.
ozone treatment is considered one of the most powerful treatments for

disinfectihg industrial water.

Furthermore, ozone has a half-life of less than 10 minutes at ambient

10 temperature and thus unwanted -damage caused by the oxidising property of
ozone to a system can bé controlled by temperature regulation. When ozone
breaks down, it becomes environmentally harmless oxygen that causes no

corrosion or pollution problems.

15 However., there are limitations that hamper the industrial application of ozone as
a disinfectant. Ozone has limited solubility in water and has a slow rate of mass
transfer from gaseous to aqueous medium. The solubility of ozone in water in
general is a major concern for many applications. Cold water at 10°C or lower
improves the solubility of ozone in water, i.e. solubility of ozone in water

20 increases with a drop in temperature. However, chilling industrial water.in bulk

to a low temperature is an energy intensive process and is not always feasible.

A publication entitled “Ozone Injection — A Superior Choice for Clean-In-Place

Applications™ written by Kai E. Blakstad of Ozone Technology AS, Norway



A publication entitled "Ozone Injection - A Superior Choice for

Cl ean-In-Place Applications”" witten by Kai E. Bl akstad of Ozone Technol ogy
AS, Norwayprogoaesssa net hod for batch ozonati on of wat ercTRGaksoag2pr oposes
using Venturi injectors for fine injection of ozone into process water to

I ncrease mass transfer rate of ozone into the liquid. However, other than

i ncreasi ng ozonewater interface area by 4he Venturi injector, the nethod
does not consider other factors in ozone absorption. Therefore, ozone is

merely Al SBRIARsA MARSP IR b AEN oRghod Bt WeIAPB|dRstRHIptdhdsae usmdod. O a

| aboratory' s tion of ozone in water 1s performed by bubbling

ozone- cont r - 2 .1 hr ; nmeans
of ozone- wieBI T idiefs & ARefEb el cPEA TR E R B o Biardato Bt o
break the bubb}es into tinier gnes to increase surgace area, to inprove
ozone t r andRBFTEN falgRfRzong ini Hie iguidsHpvayemotiRIdoanyRerearing 97q et
ozonated air with a high concentration of ozone into water. However, only
sone of thwateronterfaceadyeerinethenyentvs injgctar, thet methind deesipet camsitissothesd.
The smal | amount of ozone that nmanages to be dissolved typically resides in

| evel s &s fastomsinsizonembdorptiomi¥harefdrecoxmiccis. mEhg digpenséd antthe wat er may
not be optimally disinfected. Furthernore, as such nethods do not

conpl et el y 4gisaHbKas hBerAFAARReAIN tha/RiliiRse! ved ozonated air

On a laboratory scale, dissolution of ozone in water is performed by bubbling

ozone-containing-air (10-20 ppm) through a sintered glass as a simple means
10  of ozone—water mixing. A high-speed mechanical stirrer is often used to break

the bubbles into tinier ones to increase surface area to improve ozone transfer

to water.

Current industrial methods typically inject ozonated air with a high concentration
15 of ozone into water'. However, only some of the ozone is absorbed by the water
but most escapes undissolved. The small amount of ozone that manages to be
dissolved typically resides in levels as low as sub-ppm (<1 ppm) in the water.
Consequently, the water may not be optimally disinfected. Furthermore, as such
methods do not completely dissolve the ozonated air,. undissolved ozonated air
20 is sometimes drawn into a process system and merges into gas pockets in the‘
system. F’urthermore,'large quantity of undissolved ozone that has entered a
process system and has not effectively decompoesed into oxygen by the time it
reaches an exhaust stream is emitted into the atmosphere and causes localized

ground pollution. For example, large amount of undissolved ozone gas that is



I's sonetinmes drawn into a process system and nerges into gas pockets in the
system Furthernore, large quantity of undi ssolved ozone that has entered a
process swetemvmassishas not effectively deconposed into exygenodsyodhe tine
it reaches an exhaust streamis enmtted into the atnosphere and causes

| ocal i zed ground pollution. For exanple, |arge anmount of undi ssol ved ozone
gas that ispiped into a cooling tower capg be released into the surroundi ng
envi ronment and an ozone destruction unit is thus needed to neet em ssion

regul ation ide)thé‘%rc%?iﬁgttBﬁ/eﬁEQH'He l‘éﬁeﬁe@%tdjﬂ'%séﬂchﬁﬂwcﬁlg%_%nl\/irng‘n‘ént

EP0323954 prioposes an apparatus conprising a contal ner ing freely

rotating turhi .axi al rt Qnt aj .s filled
wth a1 g Ahae8nE He R EoRATFBR LR ees e srt SR T IR id b0t 1 om
The gas fornms bubbles that rise through the liquid, sonme of the gas
dissolving in the liquid along the way. As they rise, the bubbles cause an
upward current to flow through and turn the turbines. The rotating turbines
break up t He® ingmasestheraroodntdfl 2 gas tigsolved inraliquid cERAS23§584 propeses amnt act
area. The increase in interfacing area between gas and liquid inproves the

rate of Smaspparatosfcommisitdne @rtainst having fladly rotatifgsurbingy #ait bhatpaesth
the surface of the liquid escape undi ssolved. Gas pressure which builds up

in the contBsdIRfapktt HeS cARaindr 3§ Al WRA-a y)i@endld §8s N intfdRiueBY 9L the

i ntroduces a stream of s?u_rry in a tangentlﬁa‘ﬁf angl e“into the contal ner,
such that tc%?\téihQWrgm' tﬂest%t{olrﬁ.dTﬁg gas forms bubbles that rise through the liquid,

some of the gas dissolving in the liquid along the way. As they rise, the bubbles
- cause an upward current to flow through and turn the turbines. The rotating

10  turbines break up the bubbles into smaller ones and thus increase gas-liquid
contact area. The increase in inter_facing area between gas and liquid improves
the rate of mass transfer of the gas into the liquid. Gas bubbles that reach the
surface of the liquid escape undissolved. Gas-pressure which builds up in the
container assists gas dissolution. A Variation of the method introduces a stream

15  of slurry in a tangential angle into the container, such that the liquid is swirled to
cause turbulence that prevents the bubbles from merging, thus maintaining a
large gas-liquid interface. Basically, EP0323954 proposes increasing gas-liquid
contact area to increase the rate of dissolution and the a.rnount' of dissolved gas.
However, the methéd cannot be used in a continuous process as the liquid in

20  the method is confined in a container and EP0323954 does not particularly

pertain to dissolution of ozone in water for a continuous process.

It is an object of the invention to provide a novel mixing apparatus and/or a

novel mixing method.



cause turbul ence that prevents the bubbles fromnerging, thus maintaining a
| arge gas-liquid interface. Basically, EP0323954 proposes increasing

gas- | i quimocommaesssarea to i ncrease the rate of di ssol urcescGand/ obéees anount
of dissolved gas. However, the nmethod cannot be used in a continuous
process as the liquid in the.nethod is confined in a container and
EP0323954 does not particularly pertain go dissolution of ozone in water
for a continuous process. It is an object of the invention to provide a
novel m xi ng apparatus and/or a novel m xing nmethod. Sunmary of the
invention In general ternms, the invention proposes a m xing apparatus for

m Xi ng two or_nore bsit goceS, This invention proposes in a first aspect a
m Xi ng appm—%\iﬁg—%—l i quid and anot her substance, the apparatus
conprising a container having at | east one inlet for introducing the |iquid
and the other substance into the container, a surface inside the container
agai nst which the liquid and the other substance are arranged to splash and
an outl et flogeneraldsimg thenmveniion popokes subbinghappartatesfartivixiwhtwe aer. I n
one enbodi nent, the surface is an assenbly conprising a float, a stabiliser
and an pnpimge®uistsntdsace, the assenbly capable of floating on a liquid
body ‘ )

This invention proposes in a first aspect a mixing apparatus for mixing a liquid

and another substance, the apparatus comprising a container having at least

one inlet for introducing the liquid and the other substance into the container, a

10  surface inside the container against which the liquid and the other substance

are arranged to splash and an outlet for releasing a mixture of the substances

from the container. -

In one embodiment, the surface is an assembly comprising a float, a stabiliser
156 andan irﬁpingement surface, the assembly capable of floating on a liquid body

of the mixed substances which varies in height as is determined by the inlet and

outlet flowrates. In another embodiment, the surface is an impingement member

having a fixed position which does not vary with the level of the liquid body.

20 In a second aspect the invention propoé.es a method of mixing a liquid and
anofher substance comprising the steps of introducing the liquid and the other
substance into a container, directing the liquid towards a surface so that the
liquid and the other substance splash to form a mixture and releasing the

resulting mixture from the container.



of the m xed substances which varies in height as is determ ned by the
inlet and outlet flowates. |In another enbodinent, the surface is an

i mpi ngenmewd 20@nhessshavi ng a fi xed position which does netTwaryoswodhst he

| evel of the liquid body. In a second aspect the invention proposes a

met hod of mxing a liquid and anot her substance conprising the steps of
introducing the liquid and the other subgtance into a container, directing
the liquid towards a surface so that the liquid and the other substance
splash to forma mxture and releasing the resulting m xture fromthe
container.Brief description of the draw ngs Enbodi ments of the invention

w Il now bg described bgftwayd of .exanple, with reference to the acconpanyi ng
dr awi ngs |E—%ﬁﬁ@%—&p@\—+ﬁs—3—%e” rgw, matic di agram of an embodi ment of the

i nvention having a guide and a floating inpingement nmenber in a mXing
chanber; FIG 1la is a schematic di agram of another enbodi nment of the

i nvention wherein the outlet flow control valve of the apparatus of Fig 1

i s renovedEambdismenépbhihedniggntion willieow de desdiived yi way ofe@nmplée,|witlst r at es
how t he enbodinment of Fig 1 is used with a cooling tower; FIG 3 is a

schemats c edfeperiveoiol the sicdhfparyial disdings ap@hidhy tower; FIG 4 is a
schemati ¢ di agram of yet another enbodi nent of the i nvent| on
FIG. 1 is a schematic diagram of an embodiment of the invention having a guide

and a floating impingement member in a mixing chamber;

10  FIG. 1ais a schematic diagram of another embodiment of the invention wherein
the outlet flow control valve of the apparatus of Fig 1 is removed and is replaced

by an inverted U-shape pipe.

FIG. 2 illustrates how the embodiment of Fig 1 is used with a cooling tower;
15

FIG. 3 is a schematic of a cooling system that has a cooling tower;

FIG. 4 is a schematic diagram of yet another embodiment of the invention
having a floating impingement member without any guide; and

20
FIG. 5 is a schematic of yet another embodiment of the invention having an

impingement member with a fixed position.



having a floating inpingenment nenber w thout any guide; and FIG 5 is a
schematic of yet another enbodi nent of the invention having an inpi ngenent
menber wiwb 2006fd1885d position. Detail ed description of thecwpsekersneats
enbodi ments Fig. 1 shows a m xing apparatus 100 according to a first
enbodi mrent of the invention. The m xi ng apparatus 100 conpri ses a chanber
101 which is, preferably, of hollow cyligdrical form The chanber 100 is
the main body of the m xing apparatus 100 and has an inlet 102, an outl et

103 and a @e@é'%ﬂ‘ Seéc?rhgg_ypeof":ﬁélﬁef%%%d eﬁﬂb%ﬁé @Ey 104, conprising an

| Mpi ngenen r 0 , abiTrséer 106 and a float 107, is
provi ded inside the chanber 101 . The top surface of the inpingenent nenber
105 functions as an inpingenent surface and is preferably concave.

Al ternately, any other shape may be ed, sych as a flat, ,conve r a
Lextured sHi3-bEhONB S MBkig GpPetatuni 1D rgeaitias 16 adfstpbbs bRaREer BPr 111 is
produced by an ozone generator fromdry air. The anount of ozone in the
ozonat ed aiitvention; $heypixing agparatyset 0@ peagaspy aehambet $01 addclvis, parts per
mllion (ppm, e.g.: 79%nnitrogen, 2 1% oxygen and 0.001% ozone ( 1% =

10, 000 Hpmpreférablpzoitasiiogy ayindtital fsmdiThpatzetbemt @0 & therraam iobdyef e 112,

which is to be disinfected or oxidised, by a'Venturi injector 116 or a

di ffuser (pekingypratus"fO®BAANESN inlet 102, an outlet 103 and a pressure
release valve 113. An assembly 104, comprising an impingement member or
reflector 105, a stabiliser 106 and a fioat 107, is provided inside the chamber
101. The top surface of the impingement .membér 105 functions as an

10 impingement surface and is preferably concave. Alternately, any other shape

may be used, such as a flat, convex or a textured surface.

Upstream of the mixing apparatus 100, ozonated air 111 is produced by an
ozone generator from dry air. The amount of ozone in the ozonated air 111 is
15 typically in percentage by volume to tens of parts per million (ppm), e.g.: 79%
nitrogen, 21% oxygen and 0.001% ozone (1% = 10;000 ppm). The ozonated
air 111 is dispersed into a stream of water 112, which is to be disinfected or
oxidised, by a Venturi injector 116 or a diffuser (not shown). The absolute
amount of ozone dispersed into the water 112 is adjustable. Generally, 0.1Q
20  g/hr of ozone is needed in a disinfection treatment, where Q is the volumetric
flowrate of the water in m%hr. The ozonated air 111 drawn into the water 112
forms a gas-liquid mixture; only a mfnute and insufficient quantity of the

ozonated air 111 dissolves in the water 112 at this point and a mixture of



anount of ozone dispersed into the water 112 is adjustable. Generally, 0.1Q
g/ hr of ozone is needed in a disinfection treatnent, where Qis the .

vol umet riwof2b@vuisdse of the water in nB/hr. The ozonat edrai/sG2dis/odezasn i nto
the water 112 forms a gas-liquid mxture; only a mnute and insufficient
quantity of the ozonated air 111 dissolves in the water 112 at this point
and a m xture ofozonated air and water i@ fornmed (the water is actually
aqueous ozone since some ozone has dissolved in the water). The m xture of

ozonat ed aprorstédasitend 8P RefolHiel HHOWHER G aétﬁxlg%eﬁgglb%oh tsipggnder
pressure by a conventional |iquid punp 110, into the chanber 101 through

the inlet Qe ﬁ]'%léoﬁés q[]sesgﬁfyse@hqg?%été@queous ozone mxture is directed

onto the assenbly osition of the device is preferably with the
inlet 102 being above assenbly 104, so that gravity aids the flow of the

m xture towards the assenbly 104. The jet of ozonated air-aqueous ozone

m xture hits the inpingenent nmenber 105 and spl ashes tocg;;duces_ droplets
117, nist aR8 Misteof pzongirkali @neanesusmzone is mitsetiaedons @ qomdinuaus of

t he chanber 101 and forns a thin filmof aqueous 114 ozone that flows down
the wald. Rlemdedpressaredoyy ahvagtiealdiqaikbpemplB Ggictorthbathember 101e
chanber 101 having a surface at a certain level 115. The floating el enent

ZSL?;biC?ilJ:g?tﬁlrggglﬁ$ﬁ@Iméb’1 D4 Rejet lop akoRatetngr-899¥0 RS o2EHE BtiRtuPE W GirddBg The

onto the assembly 104. The disposition of the device is preferably with the inlet
102 being above assembly 104, so that gravity aids the flow of the mixture
towards the assembly 104. The jet of ozonated air-aqueous ozone mixture hits

10  the impingement member 105 and splashes to produces droplets 117, mist and
foam 121. Some aqueous ozone is splashed onto the wall of the chamber 101
and forms a thin film of aqueous 114 ozone that flows down the wall.
Eventually, a body of aqueous ozone 118 accumulates iﬁ the chamber 101
having a surface at a certain level 115. The floating element 107 causes the

15 assembly 104 to float on the body of aqueous ozone 118. The stabiliser 106
feduces WObbling and excessive spinning of the assembly 104 when the
assembly 104 rises or lowers in the chamber 101 according to changés in the
level 115 of aqueous ozone. A gap of at least one millimetre is preferably kept

between the edge of the assembly 104 and the chamber 101 wall to facilitate

20  the movement of the assembly 104.

The level 115 of aqueous ozone 118 in the chamber 101 is maintained by
regulating a continuous outflow at the outlet 103 against the in-flow at the inlet

102. The outlet 103 and has a means of moderating the aqueous ozone level



reduces wobbling and excessive spinning of the assenbly 104 when the
assenbly 104 rises or lowers in the chanber 101 according to changes in the
| evel 115wofo@guessys ozone. A gap of at |east one nmilli retrse20/0p62$er ably
kept between the edge of the assenbly 104 and the chanber 101 wall to
facilitate the novenent of the assenbly 104. The |l evel 115 of aqueous ozone
118 in the chanber 101 is nmaintai ned by 1gegul ati ng a conti nuous outfl ow at
the outlet 103 against the in-flow at the inlet 102. The outlet 103 and has

a neans of GREe[ mtsldwthtehpes%apsﬁav%r%@Beuémeﬁb@@é\tswh adgivaed ’11139 maa'i#@'

and/ or the outlet flowate, such as a valve 119 that Is actuated

eSS ) PN LS K BB o BB R, 1

operation hallows ater out-flo raI than in-flowrate if flow
regul at | on%é %Saﬁl'?em@% Lﬁ\@%fh%{hﬂ?&? the, {0 ensure afinde 101 i s

mai nt ai ned such that a pre-determ ned hei ght 109 is kept between the inlet
102 and t h@pergliaehiom allawmereatesoutitay pate-than dn-fioweate Hiftpw regodation needed
if the falling stream of ozone-water mxture is to have sufficient nonmentum
to i npaBt dgis.nst the inpingenment nenber 105 surface to create a spl ash

117. The atnosphere above the surface of aqueous ozone 115, which coincides
with

The volume of aqueous ozone 118 in the chamber 101 is maintained such that

a pre-determinéd height 109 is kept between the inlet 102 and the impingement

member 105. The pre-determined height 109 is needed if the falling stream of
10  ozone-water mixture is to have sufficient momentum to impact against the

impingement member 105 surface to create a‘splash 117.

The atmosphere above the surface of aqueous ozone 115, which coincides with
the pre-determined height 109, provides a “headspace” comprising undissolved

15  ozonated air carried into the chamber 101. As the ozonated air-aqueous ozone
mixture is fed into the chamber 101 cont'inuously, the pressure in the
headspape builds up. Concurrently, the partial pressure of ozone in the
headspace also increases, which tilts the gaseous ozone/dissolved ozone
equilibrium towards dissolution. Typically, a m‘inimum level 108 of aqueous

20 ozone is provided at the bottom of the chamber 101 having a depth of at least
1cm. The minimum level 108 of aqueous ozone provides a liquid surface which
prevents the gas in the headspace from escaping through the outlet 103, thus
allowing a build-up of gas pressure in the headspace. Therefore, the minimum

level 108 of aqueous ozone provides a back pressure which ensures that the



t he pre-determ ned height 109, provides a "headspace" conprising

undi ssol ved ozonated air carried into the chanber 10 1. As the ozonated

ai r- aqgueowe 20anessai xture is fed into the chanber 101 ceotriscaamssby22st he
pressure in the headspace builds up. Concurrently, the partial pressure of
ozone in the headspace al so increases, which tilts the gaseous
ozone/ di ssol ved ozone equilibriumtowards di ssolution. Typically, a mninmm
| evel 108 of aqueous ozone is provided at the bottom of the chanmber 101

having a depédsrb ifdidé ¢R6 thagiber Toa i8ighéatdmHAVStestfe BlitstiBigRUSHhARBEL
provides a liquid surface which prevents the gas in the headspace from

escaping t ro??@'éribﬁiﬁgﬁg,;\}vﬁén Jclﬁ’% 8ré§§ﬂ§e H {k%mée‘%jé%@gggé{g 6o ﬂLgsrﬂ‘"t‘ﬁe pressure

i n the headspace. ore, t m ni num queous ‘ozone "
provi des a _back pressure i ensures that epressure.inside the, chanber
1011 & gr eRTar R IR aliR P e FARHRSS nbmR el RoR 1he setstred ATy Sl when
the pressure ip the dspace gets too high, the pressure rel ease valve 113
rel eases séﬁ%cgﬁnlbﬁéqégsw{?‘iﬁ't 'Pf%yﬁ@a , Bt ther systemchregnser theodentugini ch
may be fed back into the system 122 via the Venturi injector 116 or sinply
exhaust @d. injaciopdrigtaraimpiyhexhiairsied.of the mixture hitting the inpingement
menber 105 and the resultant splashing of the m xture causes sone ozonated
air inthe mxture to be plunged into the aqueous ozone which forns bubbles
120. Sone of the

In operation, the force of the mixture hitting the impingement member 105 and

the resultant splashing of the mixture causes some ozonated air in the mixture

to be plunged into the aqueous ozone which forms bubbles 120. Some of the
10 ozone in the bubbles is absorbed into the aqueous ozone 118, thus increasing

the amount of dissolved ozone by submersion and hydfaulic pressure.

_,-,,___~_,A_Ihe,.dtoplets_1.1_7.,,mist,andnfoam,1.21uof_theyaqueous‘ozone dispersed by the
splashing into the headspace increase the coﬁtact area between the ozonated
15 airin the headspace and the aqueous ozone, i.e. instead of gés-in-liquid mixing,
there is a liquid-in-gas dispersioh. Consequently, more ozone is absorbed into
. the aqueous ozone by the increase in interface area. The foam head 121 on the
surface of the water and the thin film of water 114 on the'wall of the chamber
101 also enlarges the gas-liquid interface and thus also increase ozone
20  absorption. As the dispersed droplets/mist 117 in the headspace falls/settles to
towards the body of aqueous ozone 118 in the chémber 101, there is interaction
between the droplets/mist 117 and the ozone in the headspace, which also |

leads to absorption of more ozone into the aqueous ozone.



ozone in the bubbles is absorbed into the aqueous ozone 118, thus
I ncreasing the anmount of dissolved ozone by subnersion and hydraulic

pressur e.w.2he/odesspl et sJJ7 -, ist -and-foanrul2l- gf -t hepragseaus/ opese
di spersed by the splashing into the headspace increase the contact area
bet ween the ozonated air in the headspace and the aqueous ozone, i.e.

i nstead of gas-in-liquid mxing, there M2 a |iquid-in-gas di sper si on.
Consequently, nore ozone is absorbed into the aqueous ozone by the increase

i n i nterfaTheapksshidger freambiers tA8 seBing betHeldloptsts aff 7t Restv@itfoannd 2y he
thin filmof water 114 on the wall of the chanber 101 al so enl arges the

n film o _ | _
o sper sed o SorELef eI GBI o RRohBRSERTIRFRI PRTRIA SR Bl e
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absorption, of nore ,ozopne [nto the agueous ozone. The spl.ashing of the

m xt uPe, t ETeR8S tihﬁg]'agef OJf Reons gﬁﬁ@&@'oﬂi | CORRArISERI 19 BHAT ﬁ'i‘,lt%él iMRasht ri but e
to dynam c_and spontaneous m xing of ozonated air and aqueous ozone. The
concur r3 ngbased gHxiagiis mrerhtnamiaiandehasticansk causasettdraoixing banijust eases
the rate of ozone dissolution. In conparison to prior art, the inpact based
m xi ng i s nmare stiyivgyiTheacohtirmaosi distartshrosusszdreted nirmand wetdrimprowss nere
stirring. The continuous disturbance of ozonated air and water | nproves

total rate of ozone absorption without stirrers or mechanical agitation.

The amount of aqueous ozone 118 inside the chamber 101 is reléted toa

10 period of ‘residence time” (or settling time), which is a delay period during which
a specific volume of aqueous ozone 118 settles in the chamber 101 despite |
continuous discharged through the outlet 103. The delay'provides residencé
time for sufficient ozone dissolution to take place, as well as oxidation and
disinfection of the water, and also allows undissolved ozone bﬁbbles that is

15  plunged into the aqueous ozone to redissolve into the depleted aqueous
ozone. Therefore, no bubbles are dfawn ouf through outlet 103 at the boﬁom of
the chamber 101 along with the outflow of aqueous ozone. Depending on the
amount of residence time, aqueous ozone that is discharge from the mixing
apparatus 100 is either totally or partialiy disinfected and oxidised.

20
The level 115 of aqueous ozone in the chamber 101 is determined based on the
amount of aqueous ozone 118 required to provide sufficient residence time, as
well as a sufficient height 109 for impinging and splashing the pre-mix of

ozonated air/aqueous ozone onto the impingement member 105.



f ozone absorption without stirrers or mechanical agitation.
%ﬁga;ngﬁaf gf aqueous ozoge 118 inside the chanber 101 is related to S
peri od ofwonresiwessee time' (or settling time), which ISP&T&e&awmﬁﬂnsﬁanber
during which a specific volunme of agqueous ozone 118 settleshlndtle C
101 despite continuous discharged through the outlet 103. The ke aYace s
provi des residence tinme for sufficient dfone dissolution to take p ,
wel | as oxidation and disinfection of the water, and also allows t
undi ssol ved ozone bubbles that is plunged into the aqueous ozore o] -
redi ssol ve into the depl eted agueous- ozone. Therefore, no bubbles are

out t hr ougirigdalsbowstEnathet bmboairhent, @f whitd, ﬁwgz?ﬂrﬂél 9%98(4 14 c%fprg%ahe

out f | ow of aqueous ozone. Dependi ng on the anount residence"t

aqueous ozentbddimient @fpigm:tw&ﬁoxféoogh%gﬁ dﬁg@f@ﬁg@%@éﬁ%@? is either

totally or partially disinfected an % aqueous

118 T oqui r ot e op auiie 4l FE-CHE PEEraEenaPs pisad 2adas amaxioun i cf ont

118 required to provide sufficient r : _
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U-shape pi 81‘6 aéLlfSOUZagzoanen%lll rirr?me upstream arm 125 of the U-shape pipe 123 rises
as the level 115 of aqueous ozone in the chamber 101 rises. When the Ieve.l
115 of aqueous ozone in the chamber 101 rises above the height of the bend of
10 theinveﬂedLLshape;ﬁpe123,aqueousozoneintheupsvean1ann125fbmm
over the bend an;j accordingly reduces the aqueous ozone level 115 in the
chamber 101. In this way, a maximum limit is set on the level 115 of aqtjeous
ozone'in the chamber 10'1. The pipe 123 is optionally made of rigid or flexible
material (Ilike a hose). If the pipe 132 is made of a flexible material, the height of
15  level 115 can be dynamically adjusted by adjﬁsting the height of the inverted U-
shape pipe 123. The U-shape pipe 123 has predetermined dimensions such
that the mass flow of liquid through the pipe 132 is not sufficient to create a
siphoning effect on the body of aqueous ozone 118 in the chamber 101.
Fig 2 shows a schematic diagram illustrating how a mixing apparatus 100 of Fig
20  1isinstalled at the side of a cooling tower 203. Coolant water which was cooled
in the cooling tower is injected with ozone and is piped at 102 to the mixing
apparatus 100. The mixing apparatus 100 aids in the mixing and dissolution of

ozone as described before and releases the ozonated water which is piped at

103 back into a process downstream of the cooling tower.



hei ght at the bend of the inverted U, which corresponds to a predeterm ned
maxi mum al | owabl e | evel of aqueous ozone 115 in the chanber 101 . The | evel
of aqueouwwoea@nacss24 i n the upstream arm 125 of the U shrapsco@®odz8 ri ses
as the level 115 of aqueous ozone in the chanber 101 rises. Wen the |evel
115 of aqueous ozone in the chanmber 101 rises above the height of the bend
of the inverted U shape pipe 123, aqueousg ozone in the upstream arm 125

fl ows over the bend and accordi ngly reduces the aqueous ozone | evel 115 in
the chanber 101 . In this way, a maximnumlimt is set on the |evel 115 of
aqueous ozone in the chanber 101. The pipe 123 is optionally nmade of rigid

or flexibl eigBtdibial o g?ﬁ%ﬁaﬁftﬂ%ﬁ%ﬁohfogttﬁ@ cBblﬂfgcéﬁ%ghg%?ggf 8@5'81}3 {g J u- bl e

mat eri al, the hei ght eve can be dynam sting

he hei gh i d .pi 123, The U ' 123 h
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132 i fficient t t L phoni ffect t he body of aqueous
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how a m xing apparatus 100 of Fig 1 is installed at the side of a cooling
tovner 203. exelanrgr pieaess (Wat showak Acsluxdstieans frepiped| daffiforoaumain stieanect ed
with ozone.-and is piped at 102 to the m xi ng apparatus 100. The m xi ng
appar at us bf06oalads watert dtea puripty Gtalbdésrnelthe wateodtream 112 of Fig 1 used

to draw in ozonated air from the Venturi injector 116. The ozonated air is

generated in an ozone generator 308 from ambient air 306. The Venturi injector

116 ensures that the ozonated air is mixed with the refiux stream of water 112.

10  However, ozonated air does not easily dissolve in water. Thus, the mixing
apparatus 100 as described above is disposed between the pump 110 and the
condenser 303 to mix and dissolve the ozonated air into the water. As a result,
only disinfected water reaches the condenser 303 which is downstream of the
mixing abparatus 100. Depending on the operating condition, residual ozone

15 disinfécting and oxidising effects in the water released from the mixing

apparatus 100 also clean the cooling system 300.

Fig 4 éhows another embodiment of the mixing apparatus 400. All the parts of
the embodiment in Fig 4 corresponds to the parts of the embodiments of Fig 1
20  except for the absence of a floating element 107 and movement stabiliser 106;
’;he reflectpr assembly 404 compriées only an impingement member 405. The
position of the impingement member 405 is fixed in the chamber 101 instead of
depending on tﬁe aqueous ozone level 115 in the chamber 101. The fixed

impingement member 405 thus provides a sturdier surface for impingement



ozone as described before and rel eases the ozonated water which is piped at
103 back into a process downstream of the cooling tower.Fig 3 shows a
schenat i cwol2basatissstsi on of the cooling system 300 of coolPcrgceams®no2293 of
Fig 2. As described earlier, the cooling tower 203 works by fanning air
upward and agai nst a cascading fall of water that has been warned in a heat
exchange process (not shown). A reflux stareamis piped off froma nmain
stream of coolant water at a punp 110 to becone the water stream 112 of Fig

1 used to @ravHinAFiIRGSHRMt MémbePNDS hﬁh\éeiﬂ%tlémvoﬂlirﬂéhprwrﬂi&@boEQ%nQF\@nat ed
air is generated in an ozone generator 308 from anmbient air 306. The

Vent uri | M85 bbrafs ko Hzoh B BiredafhEnt Sndlate (5] Lhe, ref ! ux

stream of wa ozonated air does not 'easi i ssolve in

water. Thus, the mx asd CI‘I d ,abqve.is.dis ed

ot ween heoHEALS PrANa T Bih e asTEE A0d 233 TS kB e MR AEBIAs AR 02 onat e
air into the water., As a result, only disi nfected wat er reaches the

condenser 302MRAT #A5is9 apnakiorwhmendethe impingemenyaeaaes 40%0. Dependi ng on
t he operating condition, residual ozone disinfecting and oxidising effects
in the dater rel eased Afromthe m xi ng apparatus 100 al so cl ean the cooling
system 300. Fig 4 shows anot her enbodi nent of the m xing apparatus 400. All

the parts dig Shehoswveopsti aresther embodirenstasfriRe poiRihy 4ppdraeusPs00 whekreinithe
enbodi nents of Fig 1
reflector assembly 504 has an impingement member 505 and float 507 but has

no stabiliser 106.

10  As the embodiments facilitates dissolution of ozone by increased patrtial
pressure as well as by increased interface area between gaé and liquid, the

embodiments are able to improve ozonation of water in ambient temperature.

In a variation of the embodiments, dedicated inlets introduce gas and liquid
15  separately into the chamber, i.e. the gas and liquid are not introduced pre-mixed

into the mixing apparatus.

In yet another embodiment, several fixed impingement members are used to
create a cascading splashing effect. The bottom-most impingement member in
20  such a series of impingement members is optionally floating on the surface of

the aqueous ozone, as with the assembly 104 of the first embodiment in Fig 1.

In yet another embodiment, the outlet flow control comprises both an inverted

U-shape pipe 132 as well as a flow control valve 119.



except for the absence of a floating elenment 107 and novenent stabiliser
106; the reflector assenbly 404 conprises only an inpingenent nenber 405.
The posi twonroefoitsse | npi ngenent nmenber 405 is fixed in the/schersnes22401

i nstead of depending on the aqueous ozone |evel 115 in the chanber 10 1.
The fixed inpingenent nenber 405 thus provides a sturdier surface for

i npi ngenentthan the inpingenent nenber 1@ in the first enbodi nent, which
bobs on the surface 115 of the aqueous ozone. In this enbodi nent, the |evel
115 of aqueous ozone in the chanmber 401 has to be kept bel ow the

i npi ngenent nmenber 405 so as not to subnerge the inpingenent nenber 405.

Fig 5 Sho"‘ﬁni@%@ ; h mSSERRRENTERE PHonkh&y éfﬂr-éiqgr%o%@%gﬁﬁéqﬁxg.g{é i%@hﬁﬂé& t he

reflector as 504 has an I npi ngenent nenb ut has

no stabili ie: facil.i es. di |t | of pe by
i ncreased g’itrpttﬁgl%%ﬁﬁ)sésr B’ﬁgﬁgg&ﬁlgﬁpéggmb Clhntt'%g ee’&gpﬁﬁﬁ%@g%ﬁﬂarae‘%{g@g{ ween

i qui i le . to, i t f ter in
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introduce gas and |iquid separately into the chanber, i.e. the gas and
liquid &re previding thedhramigranchspatanerus mirdngriaxidiihedppreaseis interfaget
anot her enbodi nent, several fixed inpingenent nenbers are used to

area between gas and liquid.

In yet another embodiment, the mixing apparatus mixes ozone and water in
batches instead of a continuous process.

10
In yet another embodiment, with a suitably chosen pressure for the water jet,
the surface 115 of the aqueous ozone 118 may be used as the impingement

member.

15 Other than mixing ozone and water, the described mixing apparatus 100 may
be used for dissolution of other gases in other liquids..In some applications, the
substances introduced into the chamber 101 at the inlet 102 do not form a
gas/liquid pre-mix, but form a liquid/liquid or a solid/liquid pre-mix. An example
of a process where the input substances form a sol'id/liquid pre-mix is the

20 dissolution of a salt in water.

Other than a dissolution procesé, the described embodiments can also be used
to mix substances for processes such as diffusion, emulsification,

homogenisation, chemical reactions (such as polymerisation), forming a colloid



create a cascadi ng splashing effect. The bottom nost inpingenment nenber in
such a series of inpingenent nenbers is optionally floating on the surface
of the agmeaus/mzssne, as with the assenbly 104 of the fipcsisceonBsmdizzent in
Fig 1. In yet another enbodinent, the outlet flow control conprises both an
inverted U shape pipe 132 as well as a flow control valve 119.1n yet
anot her enbodi nent, the ozonated air-aqt@ous ozone m xture is punped into
the chanmber with a configuration such that the jet of m xture hits a wall
or other pafévelf mdkthFaaubpensivatmielrel(ed d SMpeeemRMvhIBhRellts frogm Anpact
provi di ng the dynam ¢ and spontaneous m xing and the increase in interface
area betwe ; Leuind 0 J . ] X i
appar at us. proaetBeatRAY Iy A B R e O Wy Sub Aol B, ocess.
In yet another enbodinment, with a suitably chosen pressure for the water
jet, . the surface 115 of the aqueous ozone 118 may be used as the
i npi ngenent penber. O her than m xi ng ozone, and ter, the described m xing
appar at us |i§b°g&yb%6ngg'§(§°‘?%ﬂ‘%%§&”&?Q‘ﬁ'ﬁ‘eﬁs a?ﬁ‘f‘é\lv&’eé{a@%r@"? ﬁr%gﬂ“niér li qui ds.
I n sone applications, the substances. introduced into the chanber 101 at the
inl et £02 @mbadimerismfangeslyingeoncepteofihe ingentigwrAaltenatives Wihequi d or a
solid/liquid pre-mx. An exanple

embodiments, though not described, are intended to be within the scope of this

invention as claimed.



of a process where the input substances forma solid/liquid pre-mx is the
dissolution of a salt in water. Qther than a dissolution process, the
descri bedwertbewdilessnt s can al so be used to m x subst ance®cToG2as@moeases such
as diffusion, enuisification, honobgenisation, chem cal reactions (such as
pol ynerisation), formng a colloidor even maki ng a suspension m xture (e.g.
a suspension which results froma precip8tati on reaction). In any process,
at | east one of the substances is liquid. It should be understood that the
enbodi nentglgiescri bed herein are but enbodi nents of underlying concepts of
the invention. Alternatives to the enbodi nents, though not described, are
intended to be within the scope of this invention as clained.Cains 1. A

m Xi ng apparatus for mxing a liquid and anot her substance, the apparatus

i o andlt Rl DRPGPEAE e Phe SRR aPeller Slneld L dHG pbfalatin,

cont ai ner against, which the |iquid and the other substance are arranged to
spl ash; and &R"HUSIN: for releasing a nixture of the substances fromthe
container. 2. A mxing apparatus as claimed in Claim1l wherein the.
apparatus is acontainer having at least one inlet for introducing the liquid and the

other substance into the container;
a surface inside the container against which the liquid and the other
substance are arranged to splash; and
an outlet for releasing a mixture of the substances from the container.
10
2. A mixing apparatus as claimed in Claim 1 wherein the apparatus is

arranged, in use, such that the inlet is above the surface.

3. A mixing apparatus as claimed in Claim 1 or Claim 2 further comprising a

15 means of retaining a pre-determined amount of the mixture in the container.

4. A mixing apparatus as claimed in Claim 2 wherein the releasing means

comprises a regulating valve connected to the outlet.

20 5. A mixing apparatus as claimed in any one of the preceding claims wherein

an impingement member forms the surface.

6. A mixing apparatus as claimed in Claim 5 wherein the impingement member

is arranged to float in the mixture.



arranged, in use, such that the inlet is above the surface. 3. A m xing
apparatus as clained in Caiml or Caim?2 further conprising a neans of
ret ai ni ngwe 2pseresstier m ned anount of the m xture in theprcusGaisGs®negd. A

m xi ng apparatus as clainmed in Caim2 wherein the rel easi ng neans
conprises a regulating valve connected to the outlet. 5. A m xing apparatus
as clainmed in any one of the preceding ¢Bai ns wherein an i npi ngenent nenber
forms the surface. 6. A mxing apparatus as clained in Claim5 wherein the
i npi ngenent nenber is arranged to float in the mxture.7 . A mXxing
apparatus as claimed in Gaimé6 further conprising a float connected to the

| Mpi ngenent repRar %ﬁapét%)%l aﬁ?@@rgﬁgﬁm@ﬂﬂ rﬁ%‘ijnbﬁbng%)éfﬂié? of daims 5

to 7 further corrpr g a gw I'Ng e arran e novenent of the

i npi ngenent nenber e .cont ai ner m Xi ng apparatus as clained in
Claim 6 wher éﬁoﬁn?ﬁ@dintt%ﬂﬁd@wﬂ r|1rtb@ ”W&f a fixed position in the

container. 10. A m xing apparatus as clained in any one of Clains 1 to 4
wherein the mxture in the container provides said surface. 11. A m xing
apparatus as clainmed in any one of Clains 1 to 4 where a{)art of

5 8. A mixing apparatus as claimed in any one of Claims 5 to 7 further

comprising a guiding member arranged to guide movement of the

impingement member in the container.

9. A mixing apparatus as claimed in Claim 6 wherein the impingement member

10 has a fixed position in the container.

10. A mixing apparatus as claimed in any one of Claims 1 to 4 wherein the

mixture in the container provides said surface.

15  11.A mixing apparatus as claimed in any one of Claims 1 to 4 where a part of

the chamber provides said surféce.

12. A mixing apparatus as claimed in any one of the preceding claims further
comprising a pump arranged to introduce t‘he liquid into the container.
20
13. A mixing apparatus as claimed in any one of the preceding claims wherein

the other substance is selected from a gas, liquid or solid.



t he chanber provides said surface. 12. A m xing apparatus as clained in any
one of the preceding clains further conprising a punp arranged to introduce
t he |i quiwoi2ndsmitgse contai ner. 13. A m xi ng appar at us as pciraicaaa/ obez28&ny one
of the preceding clains wherein the other substance is selected froma gas,
liquid or solid.14. A mxing apparatus as clained in any of the preceding
clains wherein the [iquid and the ot her28ubstance are soluble one into the
other. 15.A mi xing apparatus as clained in any of Clains 1 to 12 wherein

the mxtur ?4.i/s§nﬁxiﬁ§' iPRUSHSHERMEEPTh akPbl Bicdhreceding dapis hetdia thequi d
and the other substance. 16. A m xing apparatus as clained in any of C ains

1to 12 Wnerﬁji'gpié)%ﬁq(lglj?éqH{%risajb\g@qtrﬁ&u%cggqugﬂe%@%tos Lipaee conprises

ozone. 17.A nmxin nd anot her substance conprising the
steps of introducing the liquid and the other substance into a contai ner;
directing the liquid towards a surface so that the liquid and the other
substance splash to forma mxture; and releasing the_resulfi n% m: xt ure
fromthe cégtl%mhélﬂg apasaivstafodlaimed InaRyaf Caimsal R i? WhgreRethedgeiesi ng
the step of retaining in the container an anount of the m xture while

rel easifg paris acdolttien,rduspensionpcolloid or emulsion of the liquid and the other

substance.

16.A mixing apparatus as claiméd in any of Claims 1 to 12 wherein the liquid is
water and the other substance comprises ozone.
10
17. A method for mixing a liquid and another substance comprising the steps of
introducing the liquid and the other substance into a container;
directing the liquid towards a surface so that the liquid and the other
substance splash to form a mixture; and

15 releasing the resulting mixture from the container.

18.A method as claimed in Claim 17 further comprising the step of retaining in
the container an amount of the mixture while releasing part of the mixture to
a downstream process.
20
19.A method as claimed in Claim 18 wherein the amount of the mixture retained
provides a predetermined period of residence time in the container for the

mixture before releasing of the mixture to the downstream process.



a downstream process. 19. A nethod as clainmed in Claim18 whereirr the
anount of the m xture retained provides a predeterm ned period of residence
time in tweeentisssner for the m xture before rel easi ng etCTisiceossiondzage to

t he downstream process. 20. A nethod as clainmed in aim117 or Claim18
wherein an inpinging nenber forns the surface, the nenber floating on the
surface of the retained anobunt of nixtue and the nethod further conprising
the step of providing a predeterm ned di stance between the surface and an

i nl et nmeangp hrRWHY B8 ickiniddan!Gieh d 7a8tClale 18URRERINE @nafiiigihfené@bkai ner .

2 1.A nmethod.-as clainmed in any one of clains 17 to 20 wherein the supply of
the liquid a i f wned in any
one of clai ng&#ﬁ'gswé%gﬁeeiﬁerﬁﬁg};% e %rlljg@? gﬁ}é%@% Epg]e%ageggféﬁﬁfrom a gas,
liquid or solid. 23.A .nethod clajmed i.n any one. of, clains 17 t.qg. 22
wherei n t he. A PGS A e m BB REmBRR G et Bl tifingre ¢ ne
liquid and the other substance. 24. A nethod as clained in any one of clains
17 to 2 1 whéredefeimines distancehiniween thasHitage andan Intet fB@?WééWOPSB

substances. 25.A nmethod as clainmed in Claim24 wherein the reaction is a
pr eci pi& at i ngvhich the liquid and the substance enter the container.

21.A method as claimed in any one of claims 17 to 20 wherein the supply of the

liquid and the substance is continuous. |

10 22.A method as claimed in any one of claims 17 to 21 wherein the other

substance is selected from a gas, liquid or solid.

23.A method as claimed in any one of claims 17 to 22 wherein the mixture is a
solution, suspension, colloid or emulsion of the liquid and the other

15  substance.

24.A method as claimed in any one of claims 17 to 21 wherein the mixing

causes a chemical reaction between the substances.

20 25.A method as claimed in Claim 24 wherein the reaction is a precipitating

chemical reaction between the substances.

26.A method as any one of claims 17 to 22 wherein the liquid is water and the

other substance is a gas mixture containing ozone.



chem cal reaction between the substances. 26. A nethod as any one of clains
17 to 22 wherein the liquid is water and the other substance is a gas

m xt ure cwotaden1egF40zone. 27. A met hod for dissol uti on of pozGGRdGsMONAS €T
conprising the step of splashing water in a vessel containing ozone.

22

27.A method for dissolution of ozone in water comprising the step of splashing

water in a vessel containing ozone.



