WO 2012/ 156715PCT/ GB2012/ 051067 - 1 - APPARATUS FOR DI SI NFECTI NG WOUNDS BY
OQZONE HAVI NG LEAKAGE TEST PROCEDURE The invention relates to

i mpr ovenewoimseppar at us and 5 net hods for produci ng oPOWEB20ROBETS a
power ful oxidising gas found in the earth's atnosphere. It can be
manuf act ured by passing a stream of OE%gen t hrough a high vol tage

el ectrical discharge or 10 through a 1anp. Ozone can be dissolved into
water to create an oxidising solution, which can be used as a biocide to
treat a wide range of surfaces. Ozone can be dissolved into water in a

nunmber of VAYS,ARUt - 08T s GRIIPRY wdth@ s P UL nill IS8 xRE Feddl E{I=B044 al

pressure injector, often 15 referred to as a Venturi i1njector. Dfferential
pressure injectors create a vacuumas fluid flows through them The

magni t ude of tgbs vacuun1 s ge enden% on_t he Em_ Sagd outl et gressgre of
the injector. Fr &PERtAP prgsgu?E ﬁjecPoP APBtisél £EPEREFEIPn%6%0ne gas

into asfl wedhand the g@oaﬁtnageagyn@f the ozone mass transfer is related to
the vacuum Ensuring a differential pressure injector is working at its
optimum mass transfer efficiency is required to produce high concentration

agueous ozone %%HE' %Sa( Bb&z‘é%f%@ BQﬁhlb@n@ £3B! GoMBANGE: (22 earth’ EONE

generators are supplied h oxygen wh I's“converted into ozone gas. The
oxygen caatmespraenedtfcanlaedmynafaC$omedebyopaabuegnatsVebymfDénla

dedi cat ed oxygen supply, such. as cani s or ¢ When using a fixed
30 vol une Gy FERASE T8RS taf BLER. PRE gre o aP ot he GeyEHdEF ver ad to ¢ he
ozone1@en@h@b@@hﬂHSUVb@amﬁgubabad ckR saBbk sseonsuMbke, whirxedtyol une
cani sters, the pressure change during oxygen delivery is both continuous
and rap|dcreate an oxidising solution, which can be used as a biocide
to treat a wide range of surfaces. Ozone can be dissolved
into water in a number of ways, but most commonly via a
bubble diffuser or a differential pressure injector, often
15 referred to as a Venturi injector. Differential pressure
injectors create a vacuum as fluid flows through them. The
magnitude of this vacuum is dependent on the inlet and
outlet pressure of the injector. Differential pressure
injectors are used to entrain ozone gas into a fluid and the
20 efficiency of the ozone mass transfer is related to the
vacuum. Ensuring a differential pressure injector is working
at its optimum mass transfer efficiency is regquired to
produce high concentration agqueous ozone solutions (circa 20
ppm) in a rapid manner.
25
Ozone generators are supplied with oxygen which is
converted into ozone gas. The oxygen can be obtained from a
dry air source, or alternatively from a dedicated oxygen
supply, such as a canister or cylinder. When using a fixed
30 volume cylinder or canister, the pressure of the oxygen
delivered to the ozone generator must be regulated. In
small, consumable, fixed wvolume canisters, the pressure

change during oxygen delivery is both continuous and rapid



-2- requiring constant regulation of the supply to the ozone generator.
5Czone is a toxic gas, with an Qccupational Exposure Limt of O0.lppm QOzone
gener at orwocar/pssuduce gaseous ozone concentrations in PoE/GB0ev50667t ens of
t housands of ppm Ensuring ozone gas produced by an ozone generator is
prevented from escaping into the breathable atnosphere is 10critical.
Differential pressure injectors, such as Venturi injectors, are comonly
used i n aqueous ozone generating systens as the means for entraining ozone
into the fluid. 15 Sone exanples are as foll ows. US- B- 5151250

di scl osesraqsyst am thatrearbi-ags1aRi020R8e gapecabbng ABaRse 8-¥aatur
i njector, an oxygen source and a fluid with nmeans to punp it through the

Venturi i Apeereicor20 The fluid flow through the injector creates a negative
pressure downstream of the ozone generator. US-B-6086833 di scl oses an ozone
based food washi ng system which uses a pressure gauge for nonitoring the
suppl y5 25 of orygen ficom aokixeda¥ol wdehcyhi ndenpheianadzareogemnerator. |t
al so has neans tao control the pressure downstream of the ozone generat or
and regul &EBLEheLsippPyTof C628Re IGAS T E6°F Re CV¥BNPUPFYFR] EEE6P1US| PZHBES not

have neang hecHeasuienscahcuhat -and opti-phseokhenmasantizansf gpmef ficiency
Ensuring ozone gas produced by an ozone generator is
prevented from escaping into the breathable atmosphere is

10 critical.

Differential pressure injectors, such as Venturi
injectors, are commonly used in agueous ozone generating
systems as the means for entraining ozone into the fluid.

15 Some examples are as follows.

US-B-5151250 discloses a system that combines an ozone
generating means, a Venturi injector, an oxygen source and a
fluid with means to pump it through the Venturi injector.

200 The fluid flow through the injector creates a negative

pressure downstream of the ozone generator.

US-B-06086833 discloses an ozone based food washing

system which uses a pressure gauge for monitoring the supply

25 of oxygen from a fixed volume cylinder to an ozone
generator. It also has means to control the pressure
downstream of the ozone generator and regulate the supply of
ozone gas to the Venturi injector. It does not have means to
measure, calculate and optimise the mass transfer efficiency

30 of the injector. The system does not have means to regulate
the pressure up-stream (and hence through) the ozone

generator.



30 of the injector. The system does not have neans to regulate the pressure
up-stream (and hence through) the ozone generator. -3- US-B-5431861

di scl oseswanroepsariat us for produci ng "hi gh concentrati oRCOAIB212/0651 @7
solution” of which the maxi num concentration referred to is 14 ppm The
system presents an 5 oxygen cylinder source with means to nonitor and
control the pressure to the ozone generator. TW A- 200427428 di scl oses
a concept whereby the flow of water generates a negative pressure within a
Venturi 10 injector. The negative pressure is detected by a switch and

activates an oggne-genepaton;sthusedebihvepbaga®zanect-opt-pautlaw na;iwat er.
US- A- 2008/ 0302139 di scl oses an ozone based | aundry 15 systemthat utilises

a negati veopressupeiro eAsurevehat 62énéigas déeyhach leskmeutmps

at nosphere, A- / 4 gis l,0 an, 0zaon S m_f or

decontani%gpfﬁatgar 88e§8?%5%g§n§%u gsgé %Eﬁfegg%t?5§t§§ §g8§§§%§ 9Hjector,

an oxygenosgueaecandnieansotioceontital mthespressunetbroantiheocaxygentaeur ce

upstream of the ozone generator. US-A-2005/0061512 di scl oses a nethod for

heati ng apfgsﬁPG?dtﬁngﬁ PFPPEEI BRMCTARECE Ui d circulates within a closed

| oop; however the use of an orifice within the invention would not aid

fluid flow control inrelation to a differential pressure injector.
TW-A-200427428 discloses a concept whereby the flow of

water generates a negative pressure within a Venturi
10 injector. The negative pressure is detected by a switch and
activates an ozone generator, thus delivering ozone to the

flowing water.

US-A-2008/0302139 discloses an ozone based laundry
15 system that utilises a negative pressure to ensure that

ozone gas does not leak out to atmosphere.

WO-A-2004/103452 discloses an ozone based system for
decontaminating surfaces that includes a differential
20 pressure injector, an oxygen source and means to control the
pressure from the oxygen source upstream of the ozone

generator.

US-A-2005/0061512 discloses a method for heating a
25 fluid using friction. The fluid circulates within a closed
loop; however the use of an orifice within the invention
would not aid fluid flow control in relation to a

differential pressure injector.

30 CN-A-1557230 discloses a method of using cavitation of
a fluid passing through an orifice to induce a high

temperature and pressure within the fluid to disinfect said



30CN- A- 1557230 di scl oses a nethod of using cavitation of a fluid passing
through an orifice to induce a high tenperature and pressure within the
fluid to wpDabmwetissaid - 4 - fluid. The orifice does mOT/ABE/(&1067

mul ti functional user in respect to a differential pressure injector. 50ne
object of this invention is to provide a nethod and apparatus that allows
the rapid generation of a high concent iati on aqueous ozone sol ution by
optimsing the mass transfer efficiency of the differential pressure
injector by identifying the magnitude of the negative pressure produced 10

and contrehliing the amuntcofioexyden dekkvereditorancezeneiggneratar
feeding the differential injector. A further object is to try to ensure no

rel ease ofe6pené Gasat difierantpspheiressukiel sniecpensati ng for pressure
alterations within the oxygen cylinder supply. 15 The present

i nvention therefore providesapparatus for produci ng high concentration
aqueous ozone oappbbseng: cd dhfitedanthalopr €éssubeprdbjveEtokl; method and

means for circulating aqueous fluid through the 20 differential pressure
i nj ect or ; 2PPEgraHabletcBALPEF BansaP1d Jengrag8Re dereratbr for

connecti opohecaRraXyYg8N80UEHEe ¥ia8nansexygenndeli ¥eryn¢andyi the mass
transfer efficiency of the differential pressure injector by
identifying the magnitude of the negative pressure produced
10 and controlling the amount of oxygen delivered to an ozone
generator feeding the differential injector. A further
object is to try to ensure no release of ozone gas to the
atmosphere, whilst compensating for pressure alterations
within the oxygen cylinder supply.
15
The present invention therefore providesapparatus for
producing high concentration aqueous ozone comprising:
a differential pressure injector;
means for circulating aqueous fluid through the
20 differential pressure injector;
programmable control means;
an ozone generator for connection to an oxygen source
via an oxygen delivery conduit;
first valve means located in the oxygen delivery
25 conduit;
said ozone generator being fluidly connected to the
differential pressure injector via an ozone delivery
conduit;
second valve means located in the ozone delivery
30 conduit; and
pressure monitoring means located between the ozone
generator and the first valve means for providing a pressure

measurement to the control means;



first valve nmeans |l ocated in the oxygen delivery 25 conduit; said
ozone generator being fluidly connected to the differential pressure

i nj ect or woaomnmsenéne delivery conduit; SeCOmGTIGH20E2/0FR@NS

| ocated in the ozone delivery 30 conduit; and pressure nonitoring
means | ocated between the ozone generator and the first valve neans for
providing a pressure neasurenent to the’control neans; -5- wher ei n

the val ve neans and the fluid circulation nmeans are operable to create a
negative pressure in the oxygen and ozone delivery conduits and the

pressure 5 neagHeemBAt ths ysedebyetine cant ok pEBang tordaterfbpe the
integrity of the oxygen and ozone delivery conduits. The contro

means naymﬁénﬁr@gﬁaﬁﬁ@@aﬁﬂ?hta girAEENENBgaBivEepPassarect enb&éheeached when
the 11 dasirenl ablion 10.mans ave achiyated it buihe Lirstoval ve means

cl osed an & sécond “valve neans opened before t zone generator IS
activa$edmeeeatemabky1ehasednbyokhﬁeabatms1pmeghanneddé®emmena themaxi mum
negative pressure value measured during a predetermned tinme period to

det er ni ne*&hEptiial pF€§SG¥¥g§8taB8|HFOPSrd?HéVBéV|98P9U6Fsozone to the
differential pressure injector fromthe ozone generator to nmaximse the

entrai nnent of ozone into the fluid. 20
The control means may be programmed with a minimum

negative pressure to be reached when the fluid circulation
10 means are activated with the first valve means closed and
the second valve means opened before the ozone generator is

activated.

Preferably the control means is programmed to use a
15 maximum negative pressure value measured during a
predetermined time period to determine an optimal pressure
set-point for the delivery of ozone to the differential
pressure injector from the ozone generator to maximise the
entrainment of ozone into the fluid.
20
The first valve means is preferably a proportional
solenoid valve, which may used to control the optimal

pressure set-point.

25 The proportional solenoid valve is preferably used to
regulate the flow of oxygen into the oxygen delivery line
using a control loop based on pressure measurements from the

pressure monitoring means.

30 The apparatus preferably further comprises a fixed

volume container as the oxygen source.



The first valve nmeans is preferably a proportional solenoid valve, which
may used to control the optiml pressure set-point. 25The proporti onal

sol enoi d weal2oe/ise71pr ef erably used to regul ate the fl ow eCT®mB82gE5II0 t he
oxygen delivery line using a control | oop based on pressure neasurenents
fromthe pressure nonitoring nmeans. 30The apparatus preferably further
conprises a fixed volune container as the oxygen source. -6- St or age
nmeans are preferably provided for storing fluid circul ated through the
differential pressure injector. 5The invention additionally provides a

net hod for produeirfgehingingoneenbratrbenpagueeus iazane ¢oBphirshRg riheyst eps

of : creating a negative pressure in a fluid circuit by circulating
pressuri sedrfhdipdethtbyghoh dhef diéaeirahtielppessaresci ppeecéeri-n the fluid
circuit; measuring the negative pressure; usi ng the maxi num neasur ed

negative pressure to determne an optimal pressure set-point for the
delivesy of oxygenihoechheohnpedtieiovbalgnpezothdcgenematabdt aomraxi m se

producing high concentration aqueous ozone comprising the
steps of:
creating a negative pressure in a fluid circuit by
circulating pressurised fluid through a differential
10 pressure injector in the fluid circuit;
measuring the negative pressure;
using the maximum measured negative pressure to
determine an optimal pressure set-point for the delivery of
oxygen to the injector via an ozone generator to maximise
15 the entrainment of ozone gas into the fluid;
wherein the measured negative pressure 1is preferably
used to determine the integrity of the delivery lines in the

fluid circuit.

20 Preferably the optimal set-point is below ambient

pressure to prevent release of ozone gas to atmosphere.

A proportional solenoid valve is preferably used to

control the optimal pressure set-point.

25
A proportional solenoid valve is preferably used to
regulate the flow of oxygen to the ozone generator using a
control loop based on the measured pressure.
30 The present invention thus solves the problem of

how to control the flow of oxygen to an ozone generator to

produce a high concentration ozone gas and subsequently



15 the entrai nnent of ozone gas into the fluid,; wherein the neasured
negative pressure is preferably used to determne the integrity of the

del i very woner/isa7ishe fluid circuit. 20Preferably the opCrmas20e2851(80i nt i s
bel ow anbi ent pressure to prevent rel ease of ozone gas to atnosphere.

A proportional solenoid valve is preferably used to control the optinal
pressure set-point. 25 A proporti%hal sol enoid valve is preferably
used to regulate the fl ow of oxygen to the ozone generator using a control
| oop based on the neasured pressure. 30The present invention thus solves

the probl em:ef;hownte gaBtrakot Berfil,ow abiayydenitecannezanepgengnator to
produce a high concentrati on ozone gas and subsequently -7- entrain that

gas into anﬂEGKérusKﬁguétépgféﬂeﬁthaghpﬁé§§@ﬂérﬁﬁﬂé@t@ﬂuepé§up?pﬁg in a
high concentatign BUCaHs.0zRNE,SOLULIAN, L DRenlaLOLAY uFcHIM.af,

dlfferentlaﬁ preséure 571 njector beln epena on € pressure pro uced
by the5pumngagt@eabslm@|dbpbﬁdees bhethbupde%hﬁ@égbrbheceﬂjegtﬁhe t he
probl em being that the p means i s variable. The |nvent|on further
sol ves thBUBPéﬁgeW?88§cWPB€B FrFsf 5P§of%ﬁﬁﬁt6PFﬁ69Phé PntBdPFLyof the

Ofone gaStH%|b¥%bXeh'B%lhe 10-ensyrepthgt nAOnQZARE 1 gag,e3680ES rALO the
at nospner e
invention further solves the problem described whilst also
monitoring the integrity of the ozone gas delivery line to

10 ensure that no ozone gas escapes into the atmosphere.

Implementation of the invention allows for a high
concentration aqueous ozone solution to be produced using a
differential pressure injector in a fluid line where the

15 pressure upstream or downstream of the injector can vary.
The variation in fluid pressure alters the vacuum created by
the differential pressure injector which alters the
efficiency of the mass transfer of ozone gas into the fluid.
The fluid is moved through the differential pressure

20 injector whilst the suction/gas inlet to the injector is
fully restricted, producing a defined negative pressure that
can be monitored and recorded. A computational algorithm is
used to calculate the optimum ozone gas delivery pressure
based on the negative pressure generated by the differential

25 pressure injector to maximise ozone mass transfer therefore
producing a high concentration aqueous ozone solution as
quickly as possible. The ozone gas delivery pressure is
controlled by a proportional solenoid valve linked to a
pressure transducer. The optimum ozone gas delivery pressure

30 1is further controlled to ensure it remains at negative
pressure to ambient, ensuring no escape of ozone gas to
atmosphere can occur. The control of the ozone gas delivery

pressure allows for small fixed volume sources of oxygen to



| mpl enentation of the invention allows for a high concentration agueous
ozone solution to be produced using a differential pressure injector in a
fluid |i wowhersetine 15 pressure upstream or downstr eamPofi/GHe12/051@Ct or can
vary. The variation in fluid pressure alters the vacuum created by the
differential pressure injector which alters the efficiency of the nass
transfer of ozone gas into the fl uid. The fluid i s noved t hrough the
differential pressure 20 injector whilst the suction/gas inlet to the
injector is fully restricted, producing a defined negative pressure that

can be nopit geed apdareggpdedsof eaaputahibopaheahgerit haris used to
cal cul ate the optinum ozone gas delivery pressure based on the negative

pressure geaepatednby shécdirfflerenvieabd28sppessukecpnjteet 6KkyE6 MaXi M se
020”9.”asaeEE@B§feﬁiEQeé%f%B§ £9$ﬁ%h”grésgh93 g8?¢%9%&%th8@saq“epus ozone
solution as qU|c%Iy as possi bl e. € ozone gas delivery pressure is
contros | edrhyisd@epr aporhkcopakssakrenandtvial ¥exkbnkedue ayphiessure
transducer. The optinmum ozone gas delivery pressure 30 is further
control | edSFE6SEA8GEr ¥{f FeéRBins at negative pressure to ambient, ensuring
no escape of ozone gas to atnosphere can occur. The control of the ozone
gas delivery pressure allows for small fixed volune sources of oxygen to
-8- be used asOaesappbyifiontt hé tkenergermetatorvenThenpwopdr ticonak sol enoi d

val ve adj sts Eg éeeg th oxygen %e ivg& Iigetgt %?e 88t2 n1%r§sggre for
ozone masS 5°transt erYad the présstre PR the"fi-Xed“volunms eyl fder
decreasesswotvh ihNMehe accompa@enenbedisimpt, ofint haipresent invention wll
now be descri bed, by way of exanple only, with reference to and as 10 shown
in the acconpanying draw ngs, in which:

Figure 1 is a schematic representation of a preferred
embodiment of the present invention; and
Figure 2 is a schematic representation of another
15 embodiment of the present invention incorporating a multi-

use orifice.

The present disclosure is based on one particular
commercially available differential pressure injector. As
20 such all timings and values described relate to the use of
this injector. However the principles of the invention are
not limited to the use of this injector and can apply to

larger or smaller differential pressure injectors.

25 Figure 1 illustrates one arrangement of apparatus 10
that can be used to produce high concentration agueous ozone
fluid. A suitable source of fluid, preferably purified
water, 1s contained within a contact tank 11 and is drawn
from the contact tank 11 via conduit 14 by means of a pump

30 12. The fluid is directed through a differential pressure
injector 13 and returns to the contact tank 11 via conduit

15.



Figure 1 is a schematic representation of a preferred enbodi nent of the
present invention; and Figure 2 is a schematic representation of another 15
enbodi mrerwoab1213e71pr esent i nventi on i ncorporating a nul PCUSEB2012/0516e.

The present disclosure is based on one particular conmercially avail abl e
differential pressure injector. As 20 such all timngs and val ues descri bed
relate to the use of this injector. However the principles of the invention
are not limted to the use of this injector and can apply to larger or

smal ler differential pressure injectors. 25Figure 1 illustrates one

arrangement of papparatug 1Q thakreanibheausedqhocprodueanbi-ghngopcentration
aqueous ozone fluid. A suitable source of fluid, preferably purified water,

is contaiﬁéétﬁpﬂhﬁﬁlatc@ﬁtébe fapRctorand ite dﬂa@ﬁOﬁeoﬁﬁﬂﬁéa@@ﬁtéét tank 11
via conduipf 1é28¥e”§éﬁér8Eo E%”§a§08%2oP£Eefﬁh%'gtk%c%hrscgﬁg EErough a
u 13 and re an

differentiall pressure 1'njector urns to the contac 11 via
condui$ 419nked by Aecuakvefl6ohsuliacavedoi B areppduibni? connecli ng a
suction inlet of the injector 13 to an ozgne generator 18. The ozone

gener at or V#8VRagan®opéRSFPof SERUEEHFETand S 5°FPRREd By CRBAHS tof Pconduit

19 to a ppepeethoRak 69BLEOLVakYe o201 sAsRHESSHS BrbhBREdUEST 2Lnik$ohocat ed
in conduit 19 between the ozone generator 18 and the proportional control

val ve 20. vAavexyfeniecanikspen 22nisteonddctedcponchesedntioofthe end of

conduit 19 on the other side of the proportional control

10 valve 20.

In use, proportional control valve 20 is closed and
when the wvalve 16 is opened, a negative pressure is produced
in conduits 17 and 19.
15
A countdown timer is activated when wvalve 16 is opened,
the count down being a short period such as 10 seconds. The
timer period allows a consistent negative pressure to form
in the conduits 17, 19 between the injector 13 and the
20 proportional valve 20. The pressure is monitored by the
pressure transducer 21 and a controller records the

stabilised value once the count down timer has completed.

In addition, the controller is programmed with a
25 minimum negative pressure value that must be achieved.
Failure to reach the minimum value results in the process
being discontinued and/or an alarm or warning being given to
the operator. The minimum negative pressure value ensures
that the conduits 17,19 are free of leaks. If a leak was

30 present, a substantial negative pressure could not be

produced and air will be drawn in, preventing escape of

ozone gas.



conduit 19 on the other side of the proportional control 10 val ve 20.

In use, proportional control valve 20 is closed and when the valve 16 is
opened, awoegefisyASpressure i s produced in conduits 17 &nu/GHE20121061067 A
countdown tiner is activated when valve 16 is opened, the count down being
a short period such as 10 seconds. The tiner period allows a consistent
negative pressure to formin the conduil’s 17, 19 between the i njector 13
and the 20 proportional valve 20. The pressure is nonitored by the pressure
transducer 21 and a controller records the stabilised value once the count

down timer hasrtgenpketed:iskn addibtion, ptBescent pahler iksypeaghamed with a
25 m ni mum negati ve pressure value that nust be achieved. Failure to reach

t he ni ni ngantaPhécresul escehcuhetpprocébstberngtdsstbat nadeduandtor an al arm
or warni ng i,n ,ve h s r. ini;mum negat.i e re val ue
GPSingeBhucheba-tle, GReceloe. gTus- Mo Uy, pegekup Brosiics

ensures tha he “condul are
presens, ahsubshamhealinfegabirve3pressyhe cout-dspohdbegppagyeadgasd air wl |

be drawn in, preventing escape of ozone gas. - 10 - The stabilised
negative pr8sstFesSyaFGerrsuased by PReIEbAt FBFI 8PTiERaa BaFEul ation t hat

r?'?fe$dt@%aHEfE?V@h@&aig%égthéédgzeﬁgabhﬁeaﬁaeﬁéHE% gepeeatedqbyothe flow
0 ui

ozone concentration within a defined time period.

10 The calculation determines the optimal oxygen gas line
pressure required for the stabilised negative pressure

generated by the injector 13.

The proportional control valve 20 is then opened to

15 allow oxygen gas to exit the oxygen canister 22. The
proportional control valve 20 is controlled by the
controller to achieve the calculated optimal gas line
pressure using a control loop based on feedback from
pressure transducer 21. When the oxygen line pressure has

20 stabilised at the optimal point, the ozone generator 18 is
switched on, creating ozone from the oxygen gas flowing
through it. The ozone gas i1s entrained into the fluid by the

injector 13.

25 As oxygen gas exits oxygen canister 22, the pressure
within the canister 22 reduces, varying the pressure in the
oxygen line. The pressure change is monitored by the
pressure transducer 21 and the proportional control valve 20
is adjusted by the controller to retain the optimal oxygen

30 line pressure set-point.

At the point that the controller determines the optimal

oxygen line pressure set point using the equation, high and



5 through the injector 13 and the correspondi ng oxygen gas |ine pressure
required to produce the optimal mass transfer/entrai nment of ozone gas and
hence hi ghie=012a36/H6US 0zone concentration within a defi meu/GB20e2/q5€067 0d.
10The cal cul ation determ nes the optinmal oxygen gas |line pressure required
for the stabilised negative pressure generated by the injector 13. The
proportional control valve 20 is t hen dpéned to 15 al |l ow oxygen gas to exit
t he oxygen canister 22. The proportional control valve 20 is controlled by
the controller to achieve the calculated optimal gas |ine pressure using a

control |oep basedyer hLeedhackif pempressur eckrangsduceh 2ke When the oxygen
line pressure has 20 stabilised at the optimal point, the ozone generator

18 is swi rehedlencdciearirag 626nexPrpArt he fokygenrgasum 6aicngothtough it.
The Ozonecg%%uﬁgtgat§g%n§gglﬁ%gﬁthgbggu'ghgyhgﬁﬁ h@b%&the%EUré5A§a9 ygen
er , he ¢

gas exits 0oxygen canis 2 e pressure wthint niIrster 22 reduces,
varyi ng t heupredsuse(i nbthheadxdygan llbnele¥he pressure ehamge7’Ps nbartored

by the pressure transducer 21 and the proportional control valve 20 is
adj ust ed by TR& BOREPBEFel1{8iFetafn FHECBptiREl SBRYGENTSTC| PHESPFEssur e

set-pointofl@w@eee§émhgsakﬁ@ng?gkeaomehidaagséght9a§@dogergagoﬁalculated
figure. For exanple, if the optinum set point cal culated was 800 nbar

(abs), thenhi’gh kéveh.pfessarelalar res rouhtdsbel80@ trbar sandemheol ow | evel
pressure gg%rn17gg ar I&i%ﬁ? pressure m&thgn Ehe ox %§Qvgknel§hould nove
outsi de of Sthsse™Vdl (88 PhE Sy em wodrd 98N 4 L6RTENTE oé rat'ton andfor

al ar mo Theseoabaemysat rpebnt soal lFawltiessystaant ehdetvaet rafy olveaks twet hi n

t he oxygen/ ozone %as delivery lines
differential pressure injector 13.

At the completion of the ozonation phase, the ozone
generator 18 is turned off, proportional control valve 20

15 and valve 16 are closed and pump 12 is turned off.

Figure 1 presents the preferred embodiment of the
invention using a fluid loop on a contact tank 11. This
embodiment is preferred as it allows a high concentration

20 solution to be produced. However, the invention is also
applicable to an on-line system. In such a system conduits
14,15 are connected to a raw fluid supply and a system to

use the ozonated fluid respectively.

25 To minimise or eliminate pressure fluctuations due to
pressure spikes or dips, such as those caused in mains water
pressure or due to pump voltage variation, an orifice can be
placed up-stream of the differential pressure injector to
act as a flow smoothing device. By smoothing the flow to the

30 injector, variations in vacuum pressure are reduced,
minimising the changes required to be made by the oxygen
line proportional control valve. The orifice can also be

used to heat the fluid within the system to a pre-defined



10 or ozone generator, or failures within the water flow to the

differential pressure injector 13. At the conpletion of the
ozonat i orwphapels6tihe ozone generator 18 is turned of f, pCcomB220i20038067Ccontro
val ve 20 15 and valve 16 are closed and punp 12 is turned off. Fi gure

1 presents the preferred enbodi mrent of the invention using a fluid | oop on
a contact tank 11. This enbodinent is ﬂ?eferred as it allows a high
concentration 20 solution to be produced. However, the invention is also
applicable to an on-line system In such a systen1conduits 14,15 are
ConneCtedtpr@ré@ﬂ&E|UFQuiHD@EYm@Q@datﬁY%béﬂlEQeU%§1EB@eOZQH§E§@ fhui d
respectively. 25To mininmse or elimnate pressure fluctuations due to
pressure Spekeslet dpbpshesdéhfasenhose pagsedreninaERsowater Cppessure or
due to punp voltage variation, an orifice can be placed up-stream of the
differential pressure injector to act as a flow snoot hing device. By
snoot hs ng the Fligwrto2t held@tirajceet @he waphatiaps lIDNoYaguymrpr @ssure are
reduced, m nim sing.the changes reqU|red to be nade_by the oxygen |ine
proport|oﬁ&PaESﬁgrBPtVaPVQUl%He f¥rrtiesacanTafd6ené3usdd fo heat the fluid

wi thin the-gystemte ﬁoH&%oQ%Ebnggpar%%us benpenat ur-er;Ebubd Ls . aoyed
through the orifice, whilst thé gas inlet to the differential pressure

i nj ector msncmggedthGFeé@eetZOﬁlBuytpaaegethe abpapatﬁgrmancé Pifgthe 1
enhanced with mu fun i.onal . orifice 23 _and a tenp re_noni.toring
appar at us®24% ?ﬁé %¥I§P88 énchge 53] Wn9%1§2 %ﬁetgf 8t o%fgﬁﬁnéﬁﬁgge in

t he pemfopma@@ar@f1hh@c@ump1$2,sbyhs@umphbegfbmﬁahb@wwailékubd toutlhe
differential 10 pressure injector 13. Such per formance vari ation could
be due tob§h§H@e§oiﬁhépééﬁrFéa?lﬁéFFééélsMBgFﬁgérSHB@lﬂooﬁeéH§nF€al wear .

In app|iCﬁEEBBEi%Q§r%e%?e queg §19%99%n90Qﬁ%95r%thBqHH%Esb%28ﬁéefU"y

controlled, or the surface to he aqueous ozone is to be applied is
tenperatucen¢5n$ea$ﬁbnvapsthbeteapefaﬂmyeanMKbéﬂpdg peanbe24uméasear es t he

t enperat ure OP E o it |sebesog e re%ngﬁg.g ozonati on
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orifigce 2§ew@@k@vby kseheathed rByufrei gbhonorVabveelfsi s4achesedrandchbe fluid

passes through the injector o .
temperature of the fluid. If it is below the required pre-
ozonation temperature, the pump 12 is turned on and fluid is
moved through the orifice 23 where it is heated by friction.
Valve 16 is closed and the fluid passes through the injector

20 13 where further, less prolific, temperature change may be

imparted to the fluid. The fluid returns to the tank 11 and
continues to recirculate through the loop until the

temperature monitoring apparatus 24 registers that the pre-

determined temperature has been reached.

25
The use of a flow restricting and smoothing orifice
produces a non-electrical heating of the re-circulating
fluid.
30 The multi-functional use of an orifice plate minimise

the effect of any pressure fluctuations up-stream of the
injector, whilst also acting as a non-electrical, friction

based fluid heating means. Heating of the fluid can be



20 13 where further, less prolific, tenperature change may be inparted to
the fluid. The fluid returns to the tank 11 and continues to recircul ate

t hrough twe 20a36unt il the tenperature nonitoring appar @CUGRU7ESH6SE er S
that the predeterm ned tenperature has been reached. 25 The use of a
flowrestricting and snmoothing orifice produces a non-electrical heating of
the re-circulating fluid. 30The mul ti -fdncti onal use of an orifice pl at e
mnimse the effect of any pressure fluctuations up-stream of the injector,
whil st also acting as a non-electrical, friction based fluid heating neans.
Heating obehheifthdhdreancherol 18e- ceﬁegﬁkgb@hohoo@oahéobqha@ugoeggnbratIon
of the aqueous ozone produced. Ozone solubility in water is dependent on

t enper at uPEodHEREe @@ﬁﬂeospﬂn@lﬂhéYfpu|Hat@ﬁpeﬁaﬁ@p@ngehﬁppaves t he control
of the aquequs ozane cencent rahion, teating ¢he,fl uidoui i reduce the

maxi mum poss € aquéous o0zone concen , some surfaces, such
as human skpmpvasetdet cbrenbal by ahbeaﬁadobg bzoaedabnsehukaﬁmSnthat are
too cold, hence the neceSS|ty for the fluid to be 10 heated. -

CLAI MB:  Heatingappgr atHs fHFlﬁr68G8Fﬁgtﬁ?gﬂaééﬁE@nPP§§98ﬁea&ﬁé@ﬁgsozone 5

conprisingyone concentration. However, some surfaces, such as human
skin, are detrimentally affected by biocidal solutions that
are too cold, hence the necessity for the fluid to be

10 heated.



a differential pressure injector; means for circul ating aqueous fluid
through the differential pressure injector; progranmable control neans;
10an ozorwogerersatidr for connection to an oxygen sour cePCT&GRINI2N6YEEN

delivery conduit; first valve nmeans | ocated in the oxygen delivery
condui t; sai d ozone generator heing fluidly connected to the 15
differential pressure injector via an “dZone delivery conduit; second

val ve neans | ocated in the ozone delivery conduit; and pressure nonitoring
means | ocated between the ozone 20 generator and the first val ve neans for
provi di ngC&AgMEssure neasurenent to the control neans; wherein the valve
means and the fluid circulation nmeans are operable to create a negative
pressure in the oxygen and ozone delivery conduits and the pressure

measur ement, rppHsedud5rby bhedcenhpohimBansntendeterashnaqtbeusnbeghiety of
t he oxggen and ozone delivery conduits. 2. Apparatus as clainmed in claim1l
in whith tREPESAREFEF nmeans is programmed with a m ni num negative pressure

to be a differential pressure injector;
means for circulating aqueous fluid through the
differential pressure injector;
programmable control means;
10 an ozone generator for connection to an oxygen source
via an oxygen delivery conduit;
first valve means located in the oxygen delivery
conduit;
said ozone generator being fluidly connected to the
15 differential pressure injector via an ozone delivery
conduit;
second valve means located in the ozone delivery
conduit; and
pressure monitoring means located between the ozone
20 generator and the first valve means for providing a pressure
measurement to the control means;
wherein the valve means and the fluid circulation means are
operable to create a negative pressure in the oxygen and
ozone delivery conduits and the pressure measurement is used
25 Dby the control means to determine the integrity of the

oxygen and ozone delivery conduits.

2. Apparatus as claimed in claim 1 in which the control
means is programmed with a minimum negative pressure to be

30 reached when the fluid circulation means are activated with
the first valve means closed and the second valve means

opened before the ozone generator is activated.



30 reached when the fluid circulation neans are activated with the first
val ve neans cl osed and the second val ve neans opened before the ozone
gener at orwpoextsiMat ed. - 15 - 3. Apparatus as cl ai ned POTABRONS1@H t he
preceding clains in which the control neans is progranmed to use a maxi nmum
negati ve pressure val ue neasured durlnq a predetermined time 5 period to
determ ne an optinmal pressure set-point >for the delivery of ozone to the
differential pressure injector fromthe ozone generator to maximse the
entrai nment of ozone into the fluid. 10 4. Apparatus as clainmed in any one
of the précediﬁgpakatng BA whaémeﬁhenfanytomalvé ﬁhanprbgedipgopéaﬂmenal

sol enoi d vaIv g Agﬁg us _as cl.ai ned En c ﬁ n in whmch t % 15
proportioﬁal 56 en5 d varvé®rs"used %8 e6nerai™the 8pPFﬁaﬁ p?é%sﬁre

set - poi nt negBriMBpatatysrasvellaenedasnrebabirdnynawbireletBempheporttmenal
solenoid valve is used to regulate the flow of 20 oxygen into the oxygen
del i ve?y PPHéCdsiAglatesRirsl 2Po8pthAsedPERSpHESsGFPE~RRABEr ERENTESf rom t he

pressure HBP&E%E&“Qf”B%B e to zheABE§%éE%§F§%éCE§EQEQrb”1% %c08e QEoﬁhe

preceding clains” 25 further conprising a vol ume cont Iner as t
oxygen sotiheepzone8geApparatusoasasgliiainedthe anyrenemehtt hé precedi ng
clains further co i.ng storage neans for storing fluid 30 circul ated
t hr ough tﬁ8t8|F58ngﬁPﬁ§ pressure injector.

10 4. Apparatus as claimed in any one of the preceding claims
in which the first valve means is a proportional solenoid

valve.

5. Apparatus as claimed in claim 4 in which the
15 proportional solenoid valve is used to control the optimal

pressure set-point.

6. Apparatus as claimed in claim 4 in which the

proportional solenoid valve is used to regulate the flow of
20 oxygen into the oxygen delivery line using a control loop

based on pressure measurements from the pressure monitoring

means.

7. Apparatus as claimed in any one of the preceding claims
25 further comprising a fixed volume container as the oxygen

source.

8. Apparatus as claimed in any one of the preceding claims
further comprising storage means for storing fluid

30 circulated through the differential pressure injector.



- 16 - 9. A nethod for producing high concentration aqueous ozone conpri sing

the steps of: creating a negative pressure in a fluid circuit by 5
ci rcul at iwg 2pr2eiseusi sed fluid through a differential press@Boizjse®ror in
the fluid circuit; neasuring the negative pressure; usi ng the maxi mum

measured negative pressure to determ ne_an optimal pressure set-point for
the delivery of 10 oxygen to the inje6§8f via an ozone generator to
maxi m se the entrai nnent of ozone gas into the fluid; wherein the neasured
negative pressure is used to determne the integrity of the delivery lines
in the fl@i.d chroethodl5ot0prAdmethgdhaghckanmedticatebai prdvhesepaonhe

opti mal set-poi.nt _is R;Igg%anbi%nt pressure to prevent rel ease of ozone gas

to atnospﬁgp rising,t R6d°as claimed in clain® or claim 10 wherein a

20 proportionakrsekenei d wabueiis gsedstieecont kolf1tthe epttomk pkessure
set-point. 12. A method as clained in any one of clains 9 to 11 wherein a
proporli ofaFCE¥oPERBPIPYEFVETE§Cdséd i FBgarahea291th8TLREWAOf oxygen to

the ozone generatox ,using a;GontELok:,0ap hasgd on the measured pressure.

measuring the negative pressure;
using the maximum measured negative pressure to
determine an optimal pressure set-point for the delivery of
10 oxygen to the injector via an ozone generator to maximise
the entrainment of ozone gas into the fluid;
wherein the measured negative pressure is used to determine

the integrity of the delivery lines in the fluid circuit.

15 10. A method as claimed in claim 9wherein the optimal set-
point is below ambient pressure to prevent release of ozone

gas to atmosphere.

11. A method as claimed in claim9 or claim 10 wherein a
20 proportional solenoid valve is used to control the optimal

pressure set-point.

12. A method as claimed in any one of claims 9 to 11
wherein a proportional solenoid valve is used to regulate
25 the flow of oxygen to the ozone generator using a control

loop based on the measured pressure.

30



