1 MIXING APPARATUS Field of invention 5 The present invention relates to a mixing apparatus for
mixing 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, the 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. Depgrgifg AribgrERR$iInts, presently known industrial
methods of dissolution are sometimes not applicablé or effective. An example of a process which
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 condiitig)ging ipyelgipAs used to absorb heat in heat exchangers. The heat is subsequently
removed from the coolant water by 2 passing the warmed water through a cooling tower. The thus
cooled water is

5 The present invention relates to a mixing apparatus for mixing 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, the 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, presently known industrial methods of

dissolution are sometimes not applicable or effective.

An example of a process which requires dissolution of a not-so-soluble gasina
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 system for further heat exchange. Typically, the coolar_lt water
enters the cooling tower through spray nozzles and 5 is passed through perforatgo_l plates Whlch
breaks the spray into small water droplets. The droplets then drip into a reservoir in the cooling tower
against a forced upward flow of air. The counter-current airflow causes some_of the_ droplet_s to
evaporate, thus removing heat from the main body obwater. 10 The upward a_lrflow_ln a cooling tower
is created by a fan that continuously draws in large amount of unfiltered ambient air from the

surrounding m@m@m@wm&awﬁ@r@m@m&%ena@rt@»vér?ﬁ'ﬂ@"t%@i%A?&'&&%Oé?efr%“ the

environment are drawn in with the ambient air and they contaminate the coolant water. As the

continuous reneyeagefshsrsihacshied canlsithyaipkdmAEdRR & SHLaRs goagliion for bacteria

and algae to flourish, organic sludge and mineral deposit accumulates in the coolifg system over
time. Some bacteria that thrive in such coolant water have been known to cause life- threatening
infections. For example, Legionnaires' disease is contracted by 20 inhaling airborne water droplets

from air-condiypluagysyatentsolaiaciasteyibhtaes Bactesdihg AN & s HGFELEn SINES e Yypjer is
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used and recycled continuously, there is a need to clean and disinfect the water regularly. 3" One

method §f diginfestied eaalaghvsaies RARN INHLSIIHERARISHE HRe GFANBNIIRILIEGYIGS the
aforementioned dissolution of ozone in water. Ozone is
droplets. The droplets then drip into a reservoir in the cooling tower against a
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 of 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, Legionnaires' 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.



stronger than chlorine as an oxidant and is a powerful biocide that can be used over a wide pH range.
The strong oxidising property of ozone can effectively 5 control the growth of micro-organisms and
reduces general biomass. In general, ozone treatment is considered one of the most powerful
treatments for disinfecting 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 be controlled by temperature regulation. When ozone breaks down, it becomes

environmentlycAETREe P HERITSBaR 6 A RSISIOR T RRILIS AraRlem, 5 Hawever, there
ISInfectant.

are limitations that hamper the industrial application of ozone as a zone has lirhited
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solubility of ozone in water in general is a major concern for many applications water at 10C or
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drop in temperature. However, chilling industrial water in b ow temperatu.re IS an energy
intensive prasessARLE PPt Angys TerskIen S BRI M GHURSTHT28RE TURCHRBceRyPErior
Choice for CIean-In-PIacg Appl%’f\tions_" Writrt]eérs; by }gﬁgﬁﬁs@goof qune%gﬁnoqogﬁs, Norway
4 propases aiReBINd YroMH SEMAREEEWRIRE BRIAY PEI9SRSHPBmass. In general,

ozone treatment is considered one of the most powerful treatments for

disinfecting 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



Venturi injectors for fine injection of ozone into process water to increase mass transfer rate of ozone
into the liquid. However, other than increasing ozone- water interface area by the Venturi injector, the
method does not consider other 5 factors in ozone absorption. Therefore, ozone is merely dispe.rsed
and absorption is not fully optimised in the method. On a laboratory scale, dis_solution 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 ongsdadBEELATAGIHBACR AERAIA BRBFRVR R EANRHANSHRS KAURIREEURS IisiRdustrial

methods typically inject ozonated air with a high concentration 15 of ozone into water. However, only

some of the eagnarsHesesReebbY HReiMateb Bt BRM EFoRPSRkRdISSPAYeA T e Rgall amaunt of

ozone that manages to be dissolved typically resides in levels as low as sub-ppm (<1 ppm) in the

water. Conseguefslyrdfieoratesiaaveaiaiquimplbyriskiesiad fruthaimasiag syphemethods do

not completely dissolve the ozonated air, undissolved ozonated air 20 is sometimes drawn into a

process systaatenthBEEARS ARk 8R6tREAKEHIURA TR RyBlene: FdthI T RISs Rree ShaniY Rher

undissolved ozone that has entered a process system and has not effectively decomposed into

oxygen By thexboes itn l626he BB HYliRMStIHERRB S, epBiRdiiadhe plinasplere ang causes localized

ground pollution. For example, large amount of undissolved ozone gas that is
absorption is not fully optimised in the method.

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

fo 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. Furthermore, large quantity of undissolved ozone that has entered a
process system and has not effectively decomposed into oxygén 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 thatis



5 piped into a cooling tower can be released into the surrounding environment and an ozone
destruction unit is thus needed to meet emission regulations. To increase the amount qf a gas
dissolved in a liquid, EP0323954 proposes an 5 apparatus comprising a contaiper having frgely
rotating turbines that are spaced axially apart. The container is filled with a I_iqU|d and a gas is
introduced into the container from the bottom. The 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 flogug s aneoiRdMBPiaRP LS KoRUAYAE PR BIRAK PG RRRIGS nto

smaller ones and thus increase gas-liquid contact area. The increase in interfacing area between gas

and liquid imgreyen S reebMRTHH AN Bl eeyiadnada i ReniuRbigniigseach the

surface of the liquid escape undissolved. Gas pressure which builds up in tainer assists gas
dissolution. A variation of the method introduces a stream 15 of slurry in a tangential angle into thc_a
container, such that the liquid is swirled to cause turbulence that prevents the bubbles from merging,

thus maintainfegforbuae g midinterinepdiasicalie SRAAAAAM! BOpesss NciRaRIg.gag iauid

contact area to increase the rate of dissolution and the amount of dissolved gas. However,
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continuous pEREEP-apart. The container is filled with a liquid and a gas is introduced into the
container from the bottom. The 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 émailer ones and thus increase gas-liquid
contact area. The increase in interfacing 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 amount of dissolved gas.
However, the method 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.



It is an object of the invention to provide a novel mixing apparatus and/or a novel mixing method. 6
Summary of the invention In general terms, the invention proposes a mixing apparatus for mixing two
or 5 more substances. 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, @ 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 15 and an impingement surface, the assembly capable of floating on a liquid body of the
mixed substagigaiANE BMREER i Hghght 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 proposes a method of mixing a liquid
and another substance comprising the steps of introducing the liquid and the other substance into a

container, dingcgag skt HarHesianaifsenaurase se8at ey id st rrRkiRI AR aplash to

form a mixture and releasing the
5 more substances.

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 sgrface is an assembly comprising a float, a stabiliser
15 and an impingement surf;jce, 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 proposes a method of 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 releasing the

resulting mixture from the container.



resulting mixture from the container. 7 Brief description of the drawings Embodiments of the invention
will now be described by way of example, with 5 reference to the accompanying drawings in which:
FIG. I is a schematic diagram of an embodiment of the invention having a guide and a floating
impingement member in a mixing chamber; 10 FIG. l1a is 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

yvith_out any gslife; ig}gofsﬂiiseadﬁg gtic of yet anothgr _embodiment of the inventio_n having_ an
impingementm -8 Detailed description of the preferred embodiments Fig. 1

shows a mixing apparatus 100 according to a first embodiment of the

Embodiments of the invention will now be described by way of example, with

5 reference to the accompanying drawings in which:

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.



invention. The mixing apparatus 100 comprises a chamber 101 which is, 5 preferably, of hollow
cylindrical form. The chamber 100 is the main body of the mixing apparatus 100 and has an 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 float 107, is provided inside the chamber 101. The top
surface of the impingement member 105 functions agan 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 thednédng-apnpiin ol 6 peenated ambbliipereduced 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 injecttig 11GRoadifussidgalmhawn)s Tloe aksolkdm pBuntal arerR drfrseehigto the water
112 is adjustable. Generally, 0.1 Q 20 g/hr of ozone is needed in a disinfection treatment, where Q is .

the volumetriavBotisateTofdheixintes pparatiis The eariredl ha AN otahenvater 112 forms a
gas-liquid mixture; only a minute and insufficient quantity of the ozonated air 111 dissolves in the

water 1152 atifésaralsly aotiromonwgintfcaraiaied nl amshisierisdosnes (Hamvsiay israpially

aqueous ozone since
mixing apparatus 100 and has an 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 float 107, is provided inside the chamber
101. The top surface of the impingement Ymember 105 functions as an

10 impihgement 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 minute and insufficient quantity of the

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



some ozone has dissolved in the water). The mixture of ozonated air and aqueous ozone is introduced
as a continuous 5 jet, under pressure by a conventional liquid pump 110, into the chamber 101
through the inlet 102. The jet of ozonated air-agueous ozone mixture is directed onto the assembly
104. The disposition of the device is preferably with the inlet 102 be_ing above assembly 104, so that
gravity aids the flow of the mixture towards the assegbly 104. The jet of ozonated air-agueous ozone
mixture hits 10 the impingement member 105 and splashes to produces droplets 117, mist and foam

121. Some agHeRKEaZoPe i SPAShed BRIl gt dhe; 30%e8Dd forma.a thin film of
I? ody of aq

1gce
aqueous 114 ozone that flows down the wall. Eventually, a eous 0Zone 118 Aecumulates

in the chambg;rﬁgjoi@yg}ga%wgf@&g@ ﬁ]qﬁg%{gy)el 115. The floating element 107 causes the 15
assembly 104 to float on the body of aqueous ozone 118. The stabiliser 106 reduces wobbling and

excessive spinning of the assembly 104 when the assembly 104 rises or lowers i_n _the chgmber 101
according to changes in the level 115 of aqueous ozone. A gap of at least one millimetre is preferably

kept betvecTbman b psestbll ibang s SYBHer 94wl ta frcliate, 2 e movement

of the assembly 104. The level 115 of aqueous ozone 118 in the cham i3 Rraintained by

regulating a gantindRis Rsslonsaline AR 20y s ow 3 ieinletn 403, dheyqutiet 103
and has a means of moderating the aqueous ozone level
through the inlet 102. The jet of ozonated air-aqueous ozone mixture is directed
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 in 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
reduces wobbling and excessive spinning of the assembly 104 when the
assembly 104 rises or lowers in the chamber 101 according to changes 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



10 control inside the vessel and/or the outlet flowrate, such as a valve 119 that is actuated by
pressure, a liquid level detector or manually. Typically, the outlet 103 has a diameter larger than that
of the inlet 102 to ensure a fail-safe operation which allows greater out-flow rate than in-flow rate if
flow regulation 5 fails. The volume of aqueous ozone 118 in the chamber 101 is maintained such that
a pre-determined height 109 is kept between the inIe% 02 and the impingemer_’lt member 105. The
pre-determined height 109 is needed if the failing stream of 10 ozone-water mixture is to have

sufficient mogygfT i BRAE  AEUBEL NG IIRINGEMA MPIRCL 48R SUTTAGe R ol g splash 117.

The atmosphere above the surface of aqueous ozone 1 ICh"coincides wi e pre-determined

helght 109, pierieecAyeRdseare Lompavnanadisselad o AaaNaISq alsiriadintg e chamber

101. As the ozonated air-aqueous ozone mixture is Into the ¢ inuously, the

pressure in thedeadspags ULk R, & PRSHITGH it A RALIA| prepeuie gfozong In e headspace

also increases, which tilts the gaseous ozone/dissolved ozone “equilibrium towar Fdfissolution.

Typicaly, & SUEMRSHRICHOS R AP 2820 SRIGHIISS e BT gl . champer 101

having a depth of at least 1 cm. The minimum le agueous ozone provides |quuq surface
which psevepigdthe gas in the headspace from escaping through the outlet 103, thus

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

a pre-determined 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 continuously, the pressure in the
headspace 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 minimum level 108 of agueous

20  ozone is provided at the bottom of the chamber 101 having a depth of at least
1ecm. 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



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 11 pressure inside the chamber 101 is greater
than pressure outside the chamber 101. Periodically, when the pressure in the headspace gets too
high, the pressure release valve 113 releases some of the gas in the headspace out of the chamber
101, which may be fed back into the system 122 via {he Venturi 5 injector 116 or simply exhausted. In
operation, the force of the mixture hitting the impingement member 105 and the resultant splashing of

the mixiure G SOMRSIAEINBIEAAHBNG MXYFEa{or R RIUNRRL PP JDEs RAGRUSAARR WhIch

forms bubbles 120. Some of the 10 ozone in the bubbles is absorbed into the agueous ozone 118,

thus increasing thecAaERl P WissAlMRS Srane kY isURBRENER SacthyEra e PRER? Hie The droplets

117, mist and foam 121 of the agueous ozone dispersed by the splashing into the headspace

increase the seRiaGHareRAeANRAVENE 92enaieds Komik Brthaneadspase ABYIEsABEQUSOZONe, i.e.

instead of gas-in-liquid mixing, there is a liquid-in-gas dispersion. Consequently, more ozone is

absorbed intghdhshaaeausoazansdry e rnféeféa%ﬁbimﬁﬁfﬁﬁﬁeaé%ét-emq foapherd\ i@ the
surface of the water and the thin film of water 114 on the wall of the chamber 101 also enlarges the

gas-liqusl inteitesterantdiis s nsxraseteaone 20 absorption. As the dispersed droplets/mist 117 in
the headspace falls/settles to
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 hydraulic pressure.

The droplets 117, mist and foam 121 of the aquéous ozone dispersed by the
splashing into the headspace increase the contact area between the ozonated

15 airin the headspace and the agueous ozone, i.e. instead of gas-in-liquid mixing,
there is a liquid-in-gas dispersion. Consequently, more ozone is absorbed into
the agueous 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 chamber 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.



towards the body of aqueous ozone 118 in the chamber 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. 12 The splashing of the mixture, the settling of the droplets 117, mist and foam
121 all contribute to dynamic and spontaneous mixing of ozonated air and aqueous ozone. The
concurring increase in ozonated air/aqueous ozone igerface area increases the rate of ozone
dissolution. In comparison to prior art, the impact 5 based mixing is more dynamic and chaotic and

causes betteT nexipgatang ustiaareatirdnend Re@anineaus disiyrbanteofrzenaiedairandwater

improves total rate of ozone absorption without stirrers or mechanical agitation, The amount of

aqueous ozaaleddkrinsittetdheyeambentOdpsralamslitormila gk ehsesidence ime s settling

time), which is a delay period during which a specific volume of aqueous ozone 118_ settles _in;the
chamber 10Jodespitd heootinootingdisebarged ihioxahetag auiat ka3, e gpynrirYides sesidence

time for sufficient ozone dissolution to take place, as well as oxidation and disinfection of the water,

and also alloinsreadisstherhozofieobblatsBut i A5 RlUPERLITES 1R IS B7eNne R cedissolve
into the depleted aqueous ozone. Therefore, no bubbles are drawn out through outlet 103 at the

bottom &f thbasembédiigisateng wigh sheiosiftdvreligueniis 23088 Haeeending @ e j@spount of
residence time, aqueous ozone that is discharge from the mixing
mere stirring. The continuous disturbance of ozonated air and water improves

total rate of ozone absorption without stirrers or mechanical agitation.

The amount of aqueous ozone 118 inside the chamber 101 is related to a

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 residence
time for sufficient ozone dissolution to take place, as well as oxidation and
disinfection of the water, and alsb allows undissolved ozone bubbles that is

15  plunged into the aqueous ozone to redissolve into the depleted aqueous
ozone. Therefore, no bubbles are drawn out through outlet 103 at the bottom 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 partially 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/faqueous ozone onto the impingement member 105.



apparatus 100 is either totally or partially disinfected and oxidised. 20 The level 115 (_)f aqueous ozone
in the chamber 101 is determined based on the amount of aqueous ozone 118 required to prowdg
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. 13 Fig 1 a_shows another
embodiment, in which the flow control valve 119 of theg embodiment of Fig | is removed and an
inverted U-shape pipe 123 is connected to the outlet 103. The inverted U-shape pipe 123 ha_s a
maximum 5 height at the bend of the inverted U, which corresponds to a predetermined maximum
allowable level of aqueous ozone 115 in the chamber 101. The level of agueous ozone 124 in the

upstream arrhigZtaciitbertlestetpe nipablitinmisns iasthriere HRAAAHAURRZANG igithe, chamber
101 rises. When the level 115 of aqueous ozone in the chamber 101 rises above the height of the

bend of 10 thenibeelitee i-sh&je DisedA3vaduanisoaaneriadne-Ynskeasbaraps2s flows over the
bend and accordingly reduces the aqueous ozone level 115 in the chamber 101. In this way, a

maximum limioisseten theHewaltldb10BaqurRolmeorane B iap shaperd FhsTARRIRRARR 1S
optionally made of rigid or flexible material (like a hose). If th_e p!pe 132 is_made of a_erX|bIe material,
the height of 1gdevelt 15 bandediramicatyndjvaieidhy ediisioadbedsighi ibeimeted U-
maximum allowable level of aqueous ozone 115 in the chamber 101. The level
of aqueous ozone 124 in the upstream arm 125 of the U-shape pipe 123 rises
as the level 115 of aqueous ozone in the chamber 101 rises. When the level
115 of aqueous ozone in the chamber 101 rises above the height of the bend of
10 the inverted U-shape pipe 123, aqueous ozone in the upstream arm 125 flows
over the bend and accordingly reduces the aqueous ozone level 115 in the
chamber 101. In this way, a maximum limit is set on the level 115 of aqueous
ozone in the chamber 101. The pipe 123 is optionally made of rigid or flexible
material (l‘ike a hose). If the pipe 132 is made of a flexible material, the height of
15 level 115 can be dynamically adjusted by adjusting 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.



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 po_dy of aqueous ozone
118 in the chamber 101. Fig 2 shows a schematic diagram illustrating how a mixing appqratus 100 Qf
Fig 20 1 is installed at the side of a cooling tower 203, Coolant water which was coo_le_d in the cooling
tower is injected with ozone and is piped at 102 to themixing 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. 14 Fig 3 s_hows a
schematic illustration of the cooling system 300 of cooling tower 203 of Fig 2. As described earlier, the

cooling OWEIZ93 undkechy SSHA NFMALLANS SRABSS  EPGaRaIoN B WAl 11t as been

warmed in a heat 5 exchange process (not shown). A reflux stream is piped off from a main stream of

coolant watepaBaopgl 13 tadwames heiatesEeamd 13 wEFiths Wsteﬁ%'ﬁﬂg’@“med air

from the Venturi injector 116. The ozonated air is generated in an ozone genefator 308 from ambient

air 306. The Vipwtawd injectag aldé encasesdhn) 1A SzRRARdrAE isdDixediia hefefiux slsgam of water

112. 10 However, ozonated air does not easily dissolve in water. Thus, the mixing apparatus 100 as

describefl abexehiartignpreskstiyraHRvAYMRrA0@EddhRm FORARNEBH I Mba RN AisseIve the

ozonated air into the water. As a result,
of coolant water at a pump 110 to become the water stream 112 of Fig 1 used
to draw in ozonated air from the Vehturi 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 reflux 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 apparatus 100. Depending on the operating condition, residual ozone

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

apparatus 100 also clean the cooling system 300.

Fig 4 shows 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;
the reflector assembly 404 comprises only an impingement member 405. The
position of the impingement member 405 is fixed in the chamber 101 instead of

depending on the aqueous ozone level 115 in the chamber 101. The fixed

impingement member 405 thus provides a sturdier surface for impingement



only disinfected water reaches the condenser 303 which is downstream of the mixing apparatus 100.
Depending on the operating condition, residual ozone 15 disinfecting and oxidising effects in the water
released from the mixing apparatus 100 also clean the cooling system 300. Fig 4 shows 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 e}t%sence of a floating element 107 and movement
stabiliser 106; the reflector assembly 404 comprises only an impingement member 405. The position

of the impingesmen mERAREARTI% Ferhdne S amAe 0L dnsieat ok feprnding.an ihe aueous
gt) er 4'6

ozone level 115 in the chaniber 101. The fixed impingement mem us provides a sturdier

surface for ImpipgeaenIér dhanfiRinRiBosHentTBRHARHLIE fe! spipqdignt. which bobs

on the surface 115 of the aqueous ozone. In this embodiment, the aqueous ozone in the

chamber 4014@%&%&6%%'%t@ﬁdme@aﬁmﬁﬂmﬁﬂe%ﬁ%é@aﬂ%ﬁsmr@H Qe the

impingement member 405. 5 Fig 5 shows yet another embodiment of the mixing apparatus 500

wherein the faleoter ageRblicIsk RaS APHBRRORRSHMEERRIRIRARAdoa 507 but has no

stabiliser 106. 10 As the embodiments facilitateS dissolution™of ozone by increased partial
5

Fig 5 shows yet another embodiment of the mixing apparatus 500 wherein the

reflector assembly 504 has an impingement member 505 and float 507 but has

no stabiliser 106.

10 Asthe embodiments facilitates dissolution of ozone by increased partial
pressure as well as by increased interface area between gas 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.



pressure as well as by increased interface area between gas 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 cascadipg 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 vialyes 4 3Rofer b MBIRAALIRY, SRPOLUNSI 4. S40BAIEY BYoARRIRZRBMBLLE i

pumped into the chamber with a configuration such that the jet of mixture hits a wall or er part of

the chamber ingiend ehamBBPINARTBBANEIIABE AR ERRASE BB RdINEHIRR AY RIS A8 or

spontaneous mixing and the increase in interface area between gas and liquid. In yet another

embodiment dhMpRbARRREMEMBUXGRZaRLRAH WRSRTJBrRSHIAS isisadef ppatinuous
process. 10 In yet another embodiment, with a suitably chosen pressure for the water jet,
5  providing the dynamic and spontaneous mixing and the increase in interface

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

3

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 solid/liquid pre-mix is the

20  dissolution of a salt in water.

Other than a dissolution process, 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



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 solidllc?quid pre-mix is the 20 dissolution of a salt in
water. Other than a dissolution process, the described embodiments can also be used to mix

substances fgF BYRRERRAR e A AN AL oR s OBREBITHTEN ISR fpeons (such

as polymerisation), forminga colloid 17 or even making a suspension mixture (e.g. a suspension

which results b RaRERCHBIRARM [ERCLADI L PERTESS: BHERF1ARRAbIE RUSIRERRJS liquid. I

should be understood that the embodiments described herein are but 5 embodiments of underlying
concepts of the invention. Alternatives to the embodiments, though not described, are intended to be
within the scope of this invention as claimed. 18 LLOYD WISE Claims 1. A mixing apparatus for

mixing a liquid sslrnethanadbsiahaantharmPBaBRiEments described herein are but
5 embodiments of underlying concepts of the invention. Alternatives to the

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

invention as claimed.



comprising: a container having at least one inlet for introducing the liquid and the other substance into
the container; an outlet arranged to release a mixture of the substances from the container and
thereby to control the level of mixture in the container; and an impingement member arranged to
remain above the level of the mixture and providing a surface inside the container against which the
liquid and the other substance are arranged to splad®. 2. A mixing apparatus as cldibtedi# H&im 1
wherein the container has a wall and the splashed liquid forms a film of the liquid on the wall of the
container. Qﬂmﬁixing apparatus as claimed in claim 1 or claim 2 wherein the apparatus is arranged,
in use, such that the inlet is above the surface. 4. A mixing apparatus as claimed in any one of claims

1to 3 further t t d t of the mixture in th
container. & AN AHBAFRILE G AGA TROLIAT ATRURS HEROERe OF RRERTALS pro-

determined a ré\)gi e mixture in the container comprises a regulating valve connected to the
outlet. 19 LLO "6. A mixing apparatus as claimed in any one of the above claims wherein the

mpingement mergghisiARERAJ afIRAPBHOFBLH friodh My ILARRAIUNG Bdaiged in claim &
further comprising a float connectéd to the
substance into the container;
an outlet arranged to release a mixture of the substances from the container and
thereby to control the level of mixture in the container; and
an impingement member arranged to remain above the level of the mixture and

providing a surface inside the container against which the liquid and the other substance

are arranged to splash.

2. A mixing apparatus as claimed in claim 1 wherein the container has a wall and the

splashed liquid forms a film of the liquid on the wall of the container.

3. A mixing apparatus as claimed in claim 1 or claim 2 wherein the apparatus is

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

4. A mixing apparatus as claimed in any one of claims 1 to 3 further comprising a

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

5. A mixing apparatus as claimed in claim 4 wherein the means of retaining a pre-
determined amount of the mixture in the container comprises a regulating valve

connected to the outlet.



impingement member. 8. A mixing apparatus as claimed in any one of claims 6 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 claims 1 to 5 wherein the impingement member has a fixed position in
the container. 10. A mixing apparatus as claimed in any one of the preceding claims fyrthey \Worgprising
a pump arranged to introduce the liquid into the contafher. 11. A mixing apparatus as claimed in any
one of the preceding claims wherein the other substance is selected from a gas, liquid or solid. 12. A
mixing apparatus as claimed in any of the preceding claims wherein the liquid and the other
substance Sre/sBHNY GREFFRETHELRRIMAS Imamyang 8b e abevesciaimscuharaintee claims 1 to 11
wherein the mjxture is a solution, syspension, colloid or emulsion of the liquid and the other

substance. LLIBPHIRREN SBCMPH |55 ap4Pgetn it &ny of claims 1 to 13 wherein the

liquid is water and the other substance comprises ozone. 15. A method for mixing a liquid and another
substance comprising the steps of introducing the liquid and the other substance into a container, the

container haVviRgy gih INHBERMRN LS AT in claim 6 further comprising a float connected to the

impingement member.

8. A mixing apparatus as claimed in any one of claims 6 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 claims 1 to 5 wherein the impingement member has

a fixed position in the container.

10. A mixing apparatus as claimed in any one of the preceding claims further comprising

a pump arranged to introduce the liquid into the container.

11. A mixing apparatus as claimed in any one of the preceding claims wherein the other

substance is selected from a gas, liquid or solid.

12. A mixing apparatus as claimed in any of the preceding claims wherein the liquid and

the other substance are soluble one into the other.

13. A mixing apparatus as claimed in any of claims 1 to 11 wherein the mixture is a

solution, suspension, colloid or emulsion of the liquid and the other substance.



directing the liquid towards the impingement member so that the liquid and the other substance
splash to form a mixture; and releasing the resulting mixture from the container such that the mixture
remains at a level below the impingement member. 16. A method as claimed in claim 1§L"(‘598rﬁ/j@§he
splashed liquid forms a film of the liquid on the wall of the container. 17. A method as claimed in"
claims 15 or 16 wherein the amount of the mixture reé@iined provides a predetermined period of
residence time in the container for the mixture before the mixture is released to a downstream
process. 1§4?dmethod as claimed in %ri%one of claims 15 to 17 wherein the impingement member

floats on the sUrfARN8ARRATME RS 9IRSl &L ciimredi 1R AAyHreince NiRuidsisovaten Atk r

comprising th(?Sr%tb%s;ih%1‘r é)urggfghn a predetermined distance between an inlet means through which the

liquid and the ANce enter the comamer 4 the impingement member. LLOYD WISE 21 20, A

method as claimed in any one of claims 15 to 19 wherein the supply of the liquid and the substance is
continuous. 21. A method as claimed in any one of claims 15 to 20 wherein the other substance is

selected 15 & GRMAAYS RIHGIALL Rquif RBAGASLAKIEHEL LOHIRRIAGYAIGRAS &9 20 wherein the

mixture is a solution,
introducing the liquid and the other substance into a container, the container having

an impingement member;
directing the liquid towards the impingement member so that the liquid and the other
substance splash to form a mixture; and

releasing the resulting mixture from the container such that the mixture remains at a

level below the impingement member.

16. A method as claimed in claim 15 wherein the splashed liquid forms a film of the liquid

on the wall of the container.

17. A method as claimed in claims 15 or 16 wherein the amount of the mixture retained
provides a predetermined period of residence time in the container for the mixture

before the mixture is released to a downstream process.

18. A method as claimed in anyone of claims 15 to 17 wherein the impingement member

floats on the surface of the mixture.

19. A method as claimed in anyone of Claims 15 to 18 further comprising the step of
providing a predetermined distance between an inlet means through which the

liquid and the substance enter the container and the impingement member.



suspension, colloid or emulsion of the liquid and the other substance. 23. A method as claimed in any
one of claims 15 to 22 wherein the mixing causes a chemical reaction between the substances. 24. A
method as claimed in Claim 23 wherein the reaction is a precipitating chemical reaction between the
substances. 25. A method as any one of claims 15 to 21 wherein the liquid is water and tté @tef|SE
substance is a gas mixture containing ozone. 21

20. A method as claimed in any one of claims 15 to 19 wherein the supply of the liquid

and the substance is continuous.

21. A method as claimed in any one of claims 15 to 20 wherein the other substance is

selected from a gas, liquid or solid.

22. A method as claimed in any one of claims 15 to 20 wherein the mixture is a solution,

suspension, colloid or emulsion of the liquid and the other substance.

23. A method as claimed in any one of claims 15 to 22 wherein the mixing causes a

chemical reaction between the substances.

24. A method as claimed in Claim 23 wherein the reaction is a precipitating chemical

reaction between the substances.

25. A method as any one of claims 15 to 21 wherein the liquid is water and the other

substance is a gas mixture containing ozone.



