-1- | MPROVEMENTS | N APPARATUS AND METHODS FOR DI SI NFECTI NG A SURFACE The
invention relates to inprovenents in surface 5 disinfection apparatus and
met hods awo 20re/yaribi cul ar t o apparat us and met hods whi cirCrEB2bE2/058@d t O

di si nfect wounds using high concentration aqueous ozone. One systemis
described in patent specification WO-A- 10 2004/ 103452 which details an
appar atus and nethod for carrying out t'he treatnent conprising three main
conponents: an apparatus for generating a concentrated aqueous sol ution of
ozone; an apparatus for spraying the ozone solution onto the surface of a

limb to be FipabYEMERPE 3N APPARAIYS ARD MRTHBPBOFORN®IBINFERTIRGDPE treated
and for collecting solution which flows off the treated |inb for disposal.

The first apparatus conprises a fl uiSUREAEEI ni ng tank, coupled to a fluid
recirculation | oop containing a punping neans and a differential pressure
injector. An oxygen source is linked 20 to the differential pressure

injector via anhezgneegenehatrelatCzone gasrbsepeadduced withihpet he generator
and entrained into the circulating fluid via the differential pressure
i nj ectdr fésprdaGéécrhePRPgRTEENEBAL Pt 6ASagliéotd B2ékRe CRILardto25

US'A'2004/Pg%@ggﬁsdﬁﬁarhQ%goéSWQBQQH RQ%GBEOHEEB”QoaHH§9H§e8%OQ8uHé%”9 a

de-ioni sation apparatus and an ozone gener at or he systempresents a fluid
| oop cont asnhgghagWenbuckenitmpédbor agfheuk| nednpr.oduced is intended to be 30
applied to wounds. -2-
One system is described in patent specification WO-A-
10 2004/103452 which details an apparatus and method for
carrying out the treatment comprising three main components:
an apparatus for generating a concentrated agqueous solution
of ozone; an apparatus for spraying the ozone solution onto
the surface of a limb to be treated; and an apparatus for
15 supporting a limb to be treated and for collecting solution
which flows off the treated limb for disposal. The first
apparatus comprises a fluid containing tank, coupled to a
fluid recirculation loop containing a pumping means and a
differential pressure injector. An oxygen source is linked
20 to the differential pressure injector via an ozone
generator. Ozone gas is produced within the generator and
entrained into the circulating fluid via the differential
pressure injector to produce the high concentration agqueous
ozone fluid.
25
US-A-2004/0016706 describes a method for producing
agueous ozone using a de-ionisation apparatus and an ozone
generator. The system presents a fluid loop containing a
Venturi injector. The fluid produced is intended to be

30 applied to wounds.



These types of apparatus use potable water, the quality of which can vary
depending on its source and nethod of processing. Water quality and

chem cal wonvemisenan af fect the concentration of aqueouPCoaIBe12905l0681 ON
that can be 5 achi eved. The presence of oxidi sabl e substances breaks down
ozone entrained into the fluid until the substances have been fully
oxi di sed. Purification of the potable”?ap wat er prior to ozonation
decreases the amount of ozone and tine period required to produce a
speci fi ed ozone concentration. 10 Many net hods exist for purifying
water, such asheuer $6,08MB$ Sppdi-gtik! AkkORothbhEr 86k80, the quality

el ectro-de-ionisation"and i on-exchange. The apparatus is preferably a

port abl e systeacandanasasuchereeduinpesnaimet hodrof puodi fapichgdt hé wat er t hat
15 is small, reliable guick ﬁelativgl inexg nsiv% and easg %o se. The
appar at usPgBREFary - ula5ca S8aréEYof" x%nglF sUPPr§ thE2828hAE Géner at or .
Thi s sourggecaBnbentirafian exygeieeaBcenbhat @blutixadtsuppkynl bBe or oxygen
cylinder. To allow the apparatus to be portable, a small, fixed 20 vol une,
consunabl éCaérySEl 'SepPérErabReCtas*iid1ERE8epreSSaFFSat PERAGE EREN

cani st er BQ%EeP%ﬁtEQEnggsggﬁé'tHBrEQE§8-uét9¥”EﬁE QEbQEEEEﬁ ?Egg%ons are

know in the prior art purifying water. For exanp 24766
descri besbaenetfhadyf oxidieatli. n§upurfiteedowabér thavpbvehdet hepusetefr a

de-ionisation system and.an 8zonation s§§ten1 US- B-4610790 descri bes a
met hod f oPTd&%i 6fi 8FRG WalBr JCE8RBFRED TIFt AMA P Fush BFBESsénngéPeto t he

start of gaghokl wdupreduebi pro3Qckun. sPS-AF200350099584 deseribesna met hod
for produci ng aqueous ozone using a de-ionisation apparatus and an ozone

generd@or. It describes a nethod of de-ionising tap water -3- prior to

passing it throug .ﬁ@tﬂé8gee9§gﬁr%EQraﬁgﬁf§%$§89§%§éde§85h$ﬁ§ 3.(Etnad for

pur gi ng new de-Tonisation cartridges r to dfain. e intent of the
flush i s pempemdyedgrasslpaibhneulfat erthatnpaylbavecedntanhnatedonhendon- 5
exchange nedia d ring tr%nsport or productian.
ion-exchang&. The apparatus 1s preferably a portable system
and, as such, requires a method of purifying the water that
15 is small, reliable, qguick, relatively inexpensive and easy
to use. The apparatus generally uses a source of oxygen to
supply the ozone generator. This source can be from an
oxygen concentrator, fixed supply line or oxygen cylinder.
To allow the apparatus to be portable, a small, fixed
20 volume, consumable aerosol is preferable, as is the de-

pressurisation of the canister post use for disposal

purposes.

A number of other solutions are know in the prior art
25 for purifying water. For example US-B-5024766 describes a
method for creating purified water involving the use of a
de-ionisation system and an ozonation system. US-B-4610790
describes a method for de-ionising water, combined with a
flush process prior to the start of each fluid production

30 run. US-A-2003/0099584 describes a method for producing
agueous ozone using a de-ionisation apparatus and an ozone

generator. It describes a method of de-ionising tap water



Once de-ionisation is conplete, if a canister has been used, it remains
full of water. On renoval, this fluid can spill onto the floor or the

oper at or ,woneetisatggéa ri sk 10 hazard. To overcone this tppe/GH20prsniesm

ZA- A- 988786 describes a nmethod for renoving residual water froma container

whi ch contains an ion exchange resin. The present invention rel ates
to inprovenents in the 15 usability of¥this type of apparatus and, in
particul ar, the apparatus described in WO A-2004/ 103452. Accordi ng

to the invention there is provided a nethod of producing process fluid for

di si nfectipngoa syr é%%angOHErk%keagﬁoéheoébﬁgsg@Eerator fkughispgpamsi on
exchange neans wt froma fluid supply and directing the flushing

fluid to dasteibde- roneshng EbM|éutg@ngthveﬁardosmpptyObpragsndgest

t hrough the éon ﬁxch%ngg means and. d%re t| é Bro§ess 5 fluid

storage méans; "Andt O YTBufgi A § t hEEF8 fafgs T HEANS Swi PhISQSVFo renove
resi dual g&@@gs@a&kubdlatbethbhemdg-hanbsabh@am@ha@@aSth@slbaen conpl et ed.

- 4 - The de-ionised fluid is preferably ozonated using an ozone generat or

provi ded ﬁ%?ﬁaﬁﬁeo%?ééﬁ duifeg, tanasPRECoRYgRMOSBGEEET's preferably used to
purge fluid fromthe ion exchange neans. 5

Once de-ionisation is complete, if a canister has been
used, 1t remains full of water. On removal, this fluid can
spill onto the floor or the operator, creating a risk

10 hazard. To overcome this type of problem ZA-A-988786
describes a method for removing residual water from a

container which contains an ion exchange resin.

The present invention relates to improvements in the
15 usability of this type of apparatus and, in particular, the
apparatus described in WO-A-2004/103452.

According to the invention there is provided a method of
producing process fluid for disinfecting a surface, comprising

20 the steps of:
flushing an ion exchange means with fluid from a fluid
supply and directing the flushing fluid to waste;
de-ionising fluid from the fluid supply by passing it
through the ion exchange means and directing the process
25 fluid to storage means; and
purging the ion exchange means with gas to remove
residual process fluid after the de-ionisation process has

been completed.

30 The method preferably further comprises the step of

purging fluid conduits connected to the ion exchange means.



The invention further provides apparatus for producing process fluid for

di sinfecting a surface, conprising: an ion exchange neans; nmeans
for supplwyOngidiseild to the i on exchange nmeans to 10 fl u®hTidB20i20031@8Cchange
means; neans for directing the flushing fluid to waste; neans for directing
fluid to be de-ionised in the ion exchange neans and passing the process
fluid to storage neans; and 1l5neans ftﬁ'directing gas to the ion exchange
means to renove residual process fluid after the de-ionisation process has
been conpl et ed. The gas is preferably directed to renove residua

20 process fluirdf gamibhuid cendult sscepneet-ed1{,0,Lhg.i-0n 8x¢hgngg neans.
An oxygen source nmay be connected to supply oxygen to an ozone gener ator,

sai d ozonezgerepaterabeirngrbiaiddldyw25hcennestegdnt ecardef f endnthal pressure
i nj ector.

Pref bl i ded | f h
sour ce toOFngPoﬁgg§§%gﬁ§gp%§§%§agg§pu%éélgguPégggg%&P%gg?%ﬁmgggkgﬁégoxygen

means. 30exchange means.

The invention further provides apparatus for producing
process fluid for disinfecting a surface, comprising:
an ion exchange means;
means for supplying fluid to the ion exchange means to
10 flush the ion exchange means;
means for directing the flushing fluid to waste;
means for directing fluid to be de-ionised in the ion
exchange means and passing the process fluid to storage
means; and
15 means for directing gas to the ion exchange means to
remove residual process fluid after the de-ionisation

process has been completed.

The gas is preferably directed to remove residual
20 process fluid from fluid conduits connected to the ion

exchange means.

An oxygen source may be connected to supply oxygen to
an ozone generator, said ozone generator being fluidly

25 connected to a differential pressure injector.

Preferably means are provided to supply gas from the
oxygen source to the ion exchange means to purge fluid from
the ion exchange means.

30
The apparatus preferably further comprises a de-

ionisation loop, said de-ionisation loop comprising the ion



-5- exchange neans, the storage neans, a punp and val ve neans, all of which
are fluidly connected to enable fluid to be circul ated around the

de-ioni sawpam¥6eps 5The de-ionisation | oop may be cont polriGatotzyosmesans of a
conductivity sensor, which nmay be located in the storage neans. The
apparatus preferably further conprises an ozonation 10 | oop, said ozonation
| oop conprising the storage neans, di t¥erenti al pressure nmeans connected to
t he ozone generator, said punp and val ve neans, all of which are fluidly
connected to enable de-ionised fluid to be circul ated around the ozonation
| oop. 15 Thengzgnatigs! 00ReMBY Rg;e0RLEAL! ed BYnd LhAEL MB@N%eans,
Preferably the ion-exchange neans i's a single use consumable cartridge. 20
The i on- eréhandevheahsairs prefidiabkyncentedt éd toabhe dppardatuasbby nmeans of
qui ck connect coupl.i ngs. _. The_oxygen source is preferably a

si ngl e u58158ﬁgﬁﬁgglggﬁgngaFP?igﬁe}onlsagl¥ﬁe98?5Sent i nvention descri bes
the use of a water purification neans based on an ion-exchange nmechanismto
purifysthe mat%r. The purification of the water allows a

he de-ionisation loop may be controlled by means of a
conductivity sensor, which may be located in the storage

means.

The apparatus preferably further comprises an ozonation
10 loop, said ozonation loop comprising the storage means,
differential pressure means connected to the ozone
generator, said pump and valve means, all of which are
fluidly connected to enable de-ionised fluid to be

circulated around the ozonation loop.

15
The ozonation loop may be controlled by a timer means.
Preferably the ion-exchange means is a single use
consumable cartridge.
20

The ion-exchange means is preferably connected to the

apparatus by means of quick connect couplings.

The oxygen source is preferably a single use consumable

25 cartridge.

The present invention describes the use of a water
purification means based on an ion-exchange mechanism to
purify the water. The purification of the water allows a

30 consistent level of high concentration aqueous ozone to be
achieved from varying gquality potable water supplies. The

ion-exchange system is located in a dual loop, fluid



30 consistent |evel of high concentration aqueous ozone to be achieved from
varying quality potable water supplies. The ion-exchange systemis | ocated

i n a dualwbaopy/isbteid -6- recircul ati on arrangenent w PROTGBMIfESI@At i al
pressure (Venturi) injector allowing for both water purification and
aqueous ozone generation to be facilitated by a single punping neans. 5
Further, the fluid output Iine fromtte ion exchange / de-ionisation
cartridge is connected to a purge line as well as connecting into the fluid
re-circulation | oop. The purge line is connected to waste, allow ng organic

conpounds .10} .eaked brom the bannexghangg Aedica duiigg stecagecto be washed
to waste rather than into thé process tank. Organic conpounds within the

process tdiMkntetraldinhecozonatiionippotessband hWehee theidquebusnozone
concentration that can be achi eved Sgill fuat@er a gurge.lige is, at one
end, 15 cBAREEPEd FE Ehd lipstFadth fPuld Sapply "F66p 6 £he @A exchange
cartridgepandiegnneehed to the system oxygen supply line at the other. The
oxygen |ine provides oxygen to the ozone generator and subsequently the
Ventur? injector to produce the aqueous ozone solution. At the end of the

20 ozonation phase; Qxy IS ,dir t he gug e purge,l Lpey | ear the
i on- exchange ca?t??ggé gﬁgquﬁgg.g$%ggFiqugg ?gg iFe%te nt%rgu%ﬁgghz out put
purge |indetdoondsteioal bawicmgdbkeisonocexehangetoant pudge flonbeasemsved /

changed wi thout spil.ling fluid. If the oxygen source is a spall fixed

b ue 255 C0nSHRRBTENInaPSPeF L, Faipth 58- L ooCuLe Lant | B8Pt hTRaBHE Soxygen,
al I owi ng theecani sbehetecherdi spased afi 1bhiagstagdand wasbeustikeam

The invention will now be described, by way of exanple 30 only, with

ref er &hceleakadd fasmshbmn 1PA-eHehaseenpaAyPngudradi A§ST2PR WAI BR: - - 7-
washed to waste rather than into the process tank. Organic
compounds within the process tank retard the ozonation
process and hence the agqueous ozone concentration that can
be achieved. Still further, a purge line is, at one end,

15 connected to the upstream fluid supply loop of the ion
exchange cartridge and connected to the system oxygen supply
line at the other. The oxygen line provides oxygen to the
ozone generator and subsequently the Venturi injector to
produce the aqueous ozone solution. At the end of the

20 ozonation phase, oxygen is directed through the purge line
to clear the ion-exchange cartridge of liquid. The liquid is
directed through the output purge line to waste, allowing
the ion exchange cartridge to be removed / changed without
spilling fluid. If the oxygen source is a small fixed volume

25 consumable canister, the purge process empties the waste
oxygen, allowing the canister to be disposed of in a

standard waste stream.

The invention will now be described, by way of example
30 only, with reference to and as shown in the accompanying

drawings, in which:-



Figure 1 is a schematic of the apparatus of the invention; and
Figure 2 is a schematic of the flow path through the 5 de-ionisation

cartri dgewbdaof2ss116t at e pur gi ng. Figure 1 is a sciremaiB20128930068ng t he
el enents of one enbodi ment of the apparatus which can be used in
conjunction with the apparatus descrihed in WO A-2004/103452. 10 A

supply of fluid, which is preferably Wdt er of potable quality, is provided
to the apparatus 10 via fluid conduit 11. A valve 12 is located in fluid
conduit 11. The fluid conduit 11 is fluidly connected to a de-ionisation

cartridge 15 13, .f,0b exaapLe by pBans ok %h%oaagg&genst ge 23cand a quick
connect coupling 22a at an inlet end of the cartridge 13. Figure 2 is

a schemat ioeveepresentatli on of the internal structure of one suitable

enbodi ment of the de-ionisation 20 cartridge 13. Fluid enters the cartridge
13 via an inlet tube 14. De-ionisation nedia 15 is retai ned between two
fluid permeabl @ighibcburesaléchEhdidcneyeshehroughpbRhethttughl4het hr ough
media 15 and out of the cartridge via outlet tube 17. 25 The
cartritged®e3ipgippréferabhy téoffectedif6lathastePEAARNE8, which has an
outlet 19, by neans of a flush line 20. A valve 21 is located in the flush
line 20 and an outlet end of the cartridge is preferably connected to the
flush 30 |ine Z@ogbyeneans ef sahturther squiwcékgcohreef emoupki ng 22b.

embodiment of the apparatus which can be used in conjunction
with the apparatus described in WO-A-2004/103452.
10
A supply of fluid, which is preferably water of potable
quality, is provided to the apparatus 10 via fluid conduit
11. A valve 12 is located in fluid conduit 11. The fluid
conduit 11 is fluidly connected to a de-ionisation cartridge
15 13, for example by means of a connection tee 23 and a quick

connect coupling 22a at an inlet end of the cartridge 13.

Figure 2 is a schematic representation of the internal
structure of one suitable embodiment of the de-ionisation
20 cartridge 13. Fluid enters the cartridge 13 via an inlet
tube 14. De-ionisation media 15 is retained between two
fluid permeable structures 16. Fluid moves through inlet
tube 14, through media 15 and out of the cartridge via
outlet tube 17.
25
The cartridge 13 is preferably connected to a waste
tank 18, which has an outlet 19, by means of a flush line
20. A valve 21 is located in the flush line 20 and an outlet
end of the cartridge is preferably connected to the flush

30 line 20 by means of a further gquick connect coupling 22b.



-8- The apparatus conprises a de-ionisation re-circulation |oop conprising
a tank 25, a punp 26, a valve 27 at the inlet end of the cartridge 13, the
cartri dgewd20mrideH6val ve 28 at the outlet end of the carCriGhre1218106al | of
which are 5 fluidly connected in series by means of conduits to enable the
fluid to be circul ated around the | oop. The apparatus further conprises an
ozonation re- circulation |oop conpri??hg the tank 25, the punmp 26, a 10
valve 29 and a differential pressure injector 30, all of which are fluidly
connected in series to forma |loop by nmeans of conduits, to enable the

fluid to be Ci&E%'QFEQrQEQH”QORBQiEQQPa_ééA@oﬁ%ea%iBﬁ”?éaEQEcélak§OE|U!d|y
connected to the differential pressure injector 30 by neans of a conduit

32, with aoval vemB3ikovgt edtenkt Be,cenduin 32, Anvexygeh/cani sher 34 is
fluidly connected .to_the ozon nerator 31 by neans of .a_cagnduit .35, with
L presaur ORREnt PO O8I VE°08 B8 TTAE: ad 1 hiThEoEbRatPE 38 2RaF i FRAF Seondu t
37 connecbs eendukt 0351te the de- ikani satik@ndge- ¢ culat benwheep between

val ve 27 and the cartridge 13 and a further valve 38 is located in this
conduit 371u25FHecPaRrRCP5di $NpPEVIBEdLWI FR2AS| 8¥eFCSMEER 89 &RaPac

conductivipy $€0sar 40,0 %réHhB@%Bfﬁggﬁhanthe 1ooPThe met hod of produci ng

f
C . .
aqueous ozone solution by neans o Is apparatus is as follows. In a first
step, the de-

The apparatus further comprises an ozonation re-
circulation loop comprising the tank 25, the pump 26, a
10 wvalve 29 and a differential pressure injector 30, all of
which are fluidly connected in series to form a loop by
means of conduits, to enable the fluid to be circulated

around the loop.

15 An ozone generator 31 is fluidly connected to the
differential pressure injector 30 by means of a conduit 32,
with a valve 33 located in the conduit 32. An oxygen
canister 34 is fluidly connected to the ozone generator 31
by means of a conduit 35, with a pressure control valve 36

20 located in the conduit 35. A further conduit 37 connects
conduit 35 to the de-ionisation re-circulation loop between
valve 27 and the cartridge 13 and a further wvalve 38 is

located in this conduit 37.

25 The tank 25 is provided with a level switch 39 and a

conductivity sensor 40 of a suitable design.

The method of producing aqueous ozone solution by means
of this apparatus is as follows. In a first step, the de-

30 ionisation cartridge 13 is flushed through with fresh fluid.
To effect this valve 12 is opened, and fresh fluid flows

from the supply, along fluid conduit 11.



30 ionisation cartridge 13 is flushed through with fresh fluid. To effect
this valve 12 is opened, and fresh fluid flows fromthe supply, along fluid
condui t WO 20129156716 Val ves 27, 38 and 28 remai n cl osedTayro12alsvess21 i s
opened. The flushing fluid flows through the de-ionisation cartridge 13,
via the connection tee 23 and the quick 5 connect couplings 22a, 22b and
into flush line 20 via val ve 21. The‘ﬁ'ushing fluid enters waste tank 18,
where it is directed to waste via outlet 19. The de-ionisation cartridge 13
contains cationic and 10 anionic de-ionisation resin which can | each
organi ¢ nol ecul es during storage. Flushing the cartridge 13 ensures that
these | eached nol ecul es are flushed to waste. Wthout the flush process,

| eached organi ¥slvan Beé,t dkRennidnt8 trhamapnocéssefll ahd velbe kéacted with

gaseous ozone. The presence 15 of .aorganics retards. the concentrati on of
daveous ogBRSefnarnByptoateahoraral WiCHEn thTEREE: Fhaa e IE AEPTORS an t he
ozone nustafikstigexidi seithener ganhecbbacukes2pr asentheThaide-i oni sation

cartridge flush phase continues for a period of tinme, typically related the
bed vo} uneCsfetheCeRPLiNa§e<26- 1320A2R MR tPs 4P gt édnhéR VaPvEa2YSopens

and, on CQ@P'%Eko@lﬂéthS.EﬁﬁigeEﬁEgkge?ﬁ%kgs@agknﬁe Vgh%?ezlti§sc'osed-

The next stage is the de-ionisation o | ui Val v 528 is opened and

fluid novdsrehtedghocaettedgealdptiakvé928 and into tank 25. Water flows
into tank 25 until the level switch 39 is activated. Valve 12 is cl osed and
conductivity sensor 40 begins nonitoring the conductivity of the fluid.

Punp 26 is turned es-andivakvenZ2éakrsrepeneds kanthissstageon3e thuaid is
directed around the de-ionisation re-circulation |oop fromthe tank 25,

t hroudgh t ReipuoAp 26 1PRésvaliee 2Psinhehégpt FRrgéc?ghapdIeRécval ve 28 and
back to tﬁ%l%@ﬂ&e%Sduring storage. Flushing the cartridge 13 ensures

that these leached molecules are flushed to waste. Without
the flush process, leached organics can be taken into the
process fluid to be reacted with gaseous ozone. The presence
15 of organics retards the concentration of agqueous ozone that
can be generated within a specified time period, as the
ozone must first oxidise the organic molecules present. The
de-ionisation cartridge flush phase continues for a period
of time, typically related the bed volume of the cartridge
20 13. A timer is started when valve 21 opens and, on
completion of the pre-determined flush time, wvalve 21 is

closed.

The next stage is the de-ionisation of the fluid. Valve
25 28 is opened and fluid moves through cartridge 13, wvalve 28
and into tank 25. Water flows into tank 25 until the level
switch 39 is activated. Valve 12 is closed and conductivity
sensor 40 begins monitoring the conductivity of the fluid.
Pump 26 is turned on and valve 27 is opened. In this stage,
30 fluid is directed around the de-ionisation re-circulation
loop from the tank 25, through the pump 26, the valve 27,
the cartridge 13 and the valve 28 and back to the tank 25.



- 10 - Fluid is re-circulated until it reaches a predeterm ned
conductivity set point, as neasured by conductivity sensor 40. Punp 26 then
turns of fwoantk/vsetses 527, 28 are cl osed. The t hi PdTAIR2gE/051068 he
process is the ozonation of the de-ionised fluid. To effect this, valve 29
is opened, punp 26 is turned on and fl uid noves around the ozonation re- 10
circulation loop fromthe tank 25, thﬂ%hgh the punp 26, the valve 29 and
the differential pressure injector 30 and back to the tank 25. The fl ow of
fluid through the differential pressure injector 30 creates a vacuum at the
injector's gas inlet. 15 Val ve 33 i s opened, the ozone generator 31
is turned on and oxygen flows from oxygen cani ster 35, through pressure
control valve Béutid ttherezonecgenérdt ontll. iThecoxgenagasepasses t hrough

t he ozone ggnerato& 31 dmhgre.% progortiog is 20 reactgd t o produce ozone
gas. The 875me"§as% §ORAHEEL&d WhiElgROvalve 253 8Ra TS eRtr ai ned into the
recircul atbRgutktivdtyi aedisbi-enent ipahpi neehern 3QrnAsofiie ezaneagenerator 31
turns on, atimer is started. After a pre-determned length of tine, valve
33 is tloséd, 2Phér6z6hesSgenerator 31 25 is turned off, the punp 26 is
stopped and valve 29 is closed. The resulting aqueous ozone solution is
stored in tank 25 to be used in a surface decontam nation process. In the
final stage of Thhetpriodessapheodethenpsatieen is the ozonation of the

de-ionised fluid. To effect this, valve 29 is opened, pump
26 is turned on and fluid moves around the ozonation re-

10 circulation loop from the tank 25, through the pump 26, the
valve 29 and the differential pressure injector 30 and back
to the tank 25. The flow of fluid through the differential
pressure injector 30 creates a vacuum at the injector’s gas
inlet.

15

Valve 33 is opened, the ozone generator 31 is turned on
and oxygen flows from oxygen canister 35, through pressure
control valve 36 to the ozone generator 31. The oxygen gas
passes through the ozone generator 31, where a proportion is

20 reacted to produce ozone gas. The ozone gas is directed
through valve 33 and is entrained into the recirculating
fluid via differential injector 30. As the ozone generator
31 turns on, a timer is started. After a pre-determined
length of time, valve 33 is closed, the ozone generator 31

25 is turned off, the pump 26 is stopped and valve 29 is
closed. The resulting aqueous ozone solution is stored in

tank 25 to be used in a surface decontamination process.

In the final stage of the process the de-ionisation
30 cartridge 13 is purged to remove any remaining fluid. To
effect this, wvalves 21, 38 are opened, a timer is started

and oxygen from the canister 34 flows through de-ionisation



30 cartridge 13 is purged to renove any remaining fluid. To effect this,

val ves 21, 38 are opened, a tiner is started and oxygen fromthe canister
34 fl ows whnowgtseie- i oni sati on cartridge 13, through vaCysEaizasdesnt o the
waste tank 18. During purging, oxygen enters inlet tube 14 of the
de-ionisation cartridge 13 and di spl aces water in the nedia 15 before
passi ng back out of the cartridge 13°via outlet tube 5 17. Residual fluid
fromthe de-ionisation process within cartridge 13 is thus displaced by the
oxygen and is forced to waste tank 18. After a pre-determ ned tinme val ves

21 and 38.gre chaseds, The bengt b0l et he LhARL Hi§ @ﬁ@ewg@@% eapkhegvol ume of
t he oxygen cani ster 34 and size of cartridge 13. 10 In the preferred

enbodi nenburtthe oxygendecarikspen 84dtissaishell tubexéd w6l Ghe derosol . The

timer is set . to allow the.aerosal t mty of ox gen via de-ionisation
Chrtri doe i tni SRR Al PoNE g OEne 02 Gerl BRI B86F 1B Ee HPabhecE aro Ao
standard wpasbeespreaihgAbhakgentoxy¥genecybiridergrry3beiuseds14s wheeein the
timer mnll be set to allow the de-ionisation cartridge 13 to be purged of
wat er . > Put-di-n§eehevde- f#éﬁﬁséﬁpﬁntéﬁrﬁﬁla@@lﬁﬁtéppoﬂéopﬁSﬁowﬁéhﬁénnved

Wi thout Tl %%@FZBEE'§Q|FS ?hhgedQE?ﬁgEEde ”Pﬂg'gﬁggekhgnge opL,saLLon

cartridge I xed vol une con unable Item |ch once
enpti ed oftof akde ¢ankbé8d|&mosedaoprbﬁdata@mmabdmasme stigam 21- ab2 -

CLA NG | LTl hod ol Producing, process LU, Tor disintecting o surface,
fluid volume of the oxygen canister 34 and size of cartridge 13.
10 In the preferred embodiment, the oxygen canister 34 is a
small, fixed volume aerosol. The timer is set to allow the
aerosol to empty of oxygen via the de-ionisation cartridge
13, thus allowing the oxygen aerosol to be disposed of in a
standard waste stream. A larger oxygen cylinder may be used,
15 wherein the timer will be set to allow the de-ionisation
cartridge 13 to be purged of water. Purging the de-
ionisation cartridge 13 allows it to be removed without
fluid spillage. In the preferred embodiment the de-
ionisation cartridge 13 is a small, fixed volume consumable
20 item, which once emptied of fluid, can be disposed of in a

normal waste stream.



supply and directing the flushing fluid to waste; de-ionising fluid from
the fluid supply by passing it through the ion exchange neans and directing
t he procewe 20iuisd7160 st orage nmeans; and 10purgi ng t he | eoTERERNGE6AEANS
with gas to renove residual process fluid after the de-ionisation process

has been conpl et ed. 2. Anethod as _clainmed in claim1l, further
conprising the 15 step of purging f1 aitt conduits connected to the ion
exchange neans. 3. Anethod clainmed in claiml1l or claim2, further

conprising the step of ozonating the de-ionised fluid using 20 an ozone
gener at or cpa@Msded wi th an oxygen source. 4. A nethod as clained in claim
3 in which the oxygen source is used to purge fluid fromthe ion exchange
means. 25 5. Apparatus for producing process fluid for disinfecting a

Purt acer TP LhD0 AN LoD XENSTN IERISE s TERNS,LONBUPRLY 10 11wl
di rectingstiheatkyshongrfikihgd tacwastes of:
5 flushing an ion exchange means with fluid from a fluid
supply and directing the flushing fluid to waste;
de-ionising fluid from the fluid supply by passing it
through the ion exchange means and directing the process
fluid to storage means; and
10 purging the ion exchange means with gas to remove
residual process fluid after the de-ionisation process has

been completed.

2. A method as claimed in claim 1, further comprising the
15 step of purging fluid conduits connected to the ion exchange

means.

3. A method claimed in claim 1 or claim 2, further
comprising the step of ozonating the de-ionised fluid using

20 an ozone generator provided with an oxygen source.

4, A method as claimed in claim 3 in which the oxygen

source is used to purge fluid from the ion exchange means.

25 5. Apparatus for producing process fluid for disinfecting
a surface, comprising:
an ion exchange means;
means for supplying fluid to the ion exchange means to
flush the ion exchange means;

30 means for directing the flushing fluid to waste;



- 13 - nmeans for directing fluid to be de-ionised in the ion exchange nmeans

and passing the process fluid to storage neans; and nmeans for
di recti ngvgasiisetihe i on exchange neans to 5 renove resipduaB2proosess fl uid
after the de-ionisation process has been conpl et ed. 6. Apparatus as

claimed in claim5 in which the gas is_directed to renove residual process
fluid fromfluid 10 conduits connectéd®to the ion exchange nmeans. 7.
Apparatus as clained in claim5 or claim®6 further conprising an oxygen
source connected to supply oxygen to an ozone generator, said ozone

generator bei ngobhui dby 19 -conpnggted,tg acdibbf geenphakepr egsupe kphector.
8. Apparatus as clained in claim?7 further conprising nmeans to supply gas

fromthe exypengsoureest enttheaseangxthangeoneans floigutgestbubdef rom t he
i on exchange means ., 20 9. Apparatus as clainmed in any one of clains 5to 8
further c® Plslﬁﬁ a de-ionisation |oop, said de-ionisation |oop conprising

the ion exchangeaneansr HheestohgggaREARSLha puAPeaBRdavakvecaBanso all of
which are fluidly connected to 25 enable fluid to be circul ated around the
de- i ont safFBAVEo&ES1dEe]l Rpparacus lsdcPALREALNR dRy1eNasmtoIorn which the

de- |on|sabkggngoga b%QHtEBﬁF?%tQX means of a conductivity sensor. 30 11.

Apparatus”as ¢ alne In clai in which the conductivity sensor is
| ocated in the storage neans.

6. Apparatus as claimed in claim 5 in which the gas is
directed to remove residual process fluid from fluid

10 conduits connected to the ion exchange means.

7. Apparatus as claimed in claim 5 or claim 6 further
comprising an oxygen source connected to supply oxygen to an
ozone generator, said ozone generator being fluidly

15 connected to a differential pressure injector.

8. Apparatus as claimed in claim 7 further comprising
means to supply gas from the oxygen source to the ion
exchange means to purge fluid from the ion exchange means.
20
9. Apparatus as claimed in any one of claims 5 to 8
further comprising a de-ionisation loop, said de-ionisation
loop comprising the ion exchange means, the storage means, a
pump and valve means, all of which are fluidly connected to

25 enable fluid to be circulated around the de-ionisation loop.

10. Apparatus as claimed in any claim 9 in which the de-
ionisation loop is controlled by means of a conductivity
sensor.

30
11. Apparatus as claimed in claim 10 in which the

conductivity sensor is located in the storage means.



- 14 - 12. Apparatus as clained in any one of claims 5 to 11 further
conprising an ozonation | oop, said ozonation |oop conprising the storage
nmeans, diwbenenitseab pressure neans 5 connected to the orom&HPersdSaiedr, said
punp and val ve neans, all of which are fluidly connected to enable
de-ionised fluid to be circul ated around the ozonation | oop. 13.
Apparatus as clained in claim12 in whfcth the ozonation 10 | oop controlled
by a tinmer nmeans. 14. Apparatus as clained in any one of clains 5 to 13 in
whi ch the ion-exchange neans is a single use consunable cartridge. 15 15.
Apparatus as clained in claim14 in which the ion-exchange neans is
connected to the apparatus by neans of quick connect couplings. 20 16.
Appar at uslds chapaedtiin anycémemefl ¢haibny Bneoof5cilmaimki éhtbhéloxygen
source iSf%r%kggl%o%%%i%ggaug%bggo%%%ggkdg%bp?Ssaid ozonation loop

comprising the storage means, differential pressure means

5 connected to the ozone generator, said pump and valve means,
all of which are fluidly connected to enable de-ionised

fluid to be circulated around the ozonation loop.

13. Apparatus as claimed in claim 12 in which the ozonation

10 loop controlled by a timer means.

14. Apparatus as claimed in any one of claims 5 to 13 in
which the ion-exchange means is a single use consumable
cartridge.

15
15. Apparatus as claimed in claim 14 in which the ion-
exchange means is connected to the apparatus by means of

quick connect couplings.

200 16. Apparatus as claimed in any one of claims 5 to 15 in
which the oxygen source is a single use consumable

cartridge.

25

30



