-1- | MPROVEMENTS | N APPARATUS AND METHODS FOR DI SI NFECTI NG A SURFACE
The invention relates to inprovenents in surface 5 disinfection

appar at us and in particular to apparatus an ods_

whi ch may %@gaggégﬁgﬁdisinfect wounds usi ng hi gh concen??ﬁ?#g%ga°m68
aqueous ozone. One systemis described in patent specification WO A-
10 2004/ 103452 which details an apparatus and nethod for carrying out
the treatnment conprising three nmain conponents: an apparatus for
generating a concentrated aqueous solution of ozone; an apparatus for

sprayi ng the J S of [ reat ed;
and an appar a@&o@&lfggsu pgﬁ’gﬁéjﬂgsI%%E§$$ﬁ8§n§agiﬂgﬁf%¥ﬁgA
coll ecting solution which flows off tdugracegated |inb for disposal.
The first apparatus conprises a fluid containing tank, coupled to a
fluid recirculation | oop containing a punping neans and a
differential pregsurigJdit@ehokc1ffe OXYPSAUYGR At khnkgdr20-10 the
differential pressure injector via an ozone generator. Qzone gas is
produced wi €hf i fenérepsetufdaedt Palmede aitch itheasticul at i by
fluid viat j ' S i nject r.oduce. i
concentrati%ﬁpgaﬁggigﬂ%ggkgﬂ?éigﬁE%%Qh£§:6gl%§%EPf 0%?%6&2%%% Hhins
descri bes auskthdddlorcoposdicingonqaeetsiDzormaeusi ng a de-i oni sation
apparatus and an ozone generator. The system presents a fluid | oop
containing a Venturi injector. The fluid produced is intended to be
30 applied to wounds.syst2m is desdhélsedtypemwhtapparafisausen poad-abl e

wat er, e I whi.c an_vary_ dependi on its urce and

mot hod B POl WAVED GRERETD Ao i 20N DB hbORafoa f ect
t he concent tatipmefoagueeus reaenensotahp0is frhatcthcae heibh ashbpevead:s:
The presence of oxidisabl e substances breaks down ozone entrained

into the flaf ARIRTTheé SubSPEREES haV S HEST Fatey 6% EPYBgsOlution

Purificatioprofzddie pot akhe rhapswaber sPrd Pind aHeZ eRahi08c d8E! 8ASES: o
t he amount of ozone and tine period required to produce a specified
ozone concehifatiopce 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. En oxygen source is linked

20 to the differential pressure injector via an ozone
generator. Ozone gas 1s produced within the generator and
entrained into the c¢irculating fluid via the differential
pressure injector to produce the high concentration aqueous
ozone fluid.

25

US-A-2004/0016706 describes a method for producing
aqueous ozone using a de-ionisation apparatus and an ozone
generator. The system presents a fluid loop containing a
Venturi injectoxr. The fluid produced is intended to be

30 applied to wounds.



10 Many net hods exist for purifying water, such as reverse
osnpbsis, distillation, filtration, electro-de-ionisation and

i on- exchanqgongﬁ‘ﬁgﬁaratus is preferably a portable sy;g%g%§&&m5ﬁgs

such, requires od of purifying the water that 15

reliable, quick, 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 cyIinder To al l ow the apparatus to be
portable, a smnal fixed 20 vo consunabl e %ﬁ§gsol is preferable,

as is the deprest%??%eﬁygﬁ? & Fﬁ@aéﬁﬁPﬁtﬁ?epﬁﬁﬁ "eEETdi §PBsARa 1ty

pur poses. Aofurheth ofarothery selbehiens @ﬁelkﬁoyﬁdﬂté|M%dphbﬁho§réf25
for purifying water. For exanple US-B-5024766 descri bes a method for
creating puPEPPeds i eratRiolartd LY handseh el G e qrdsngacPBna 5§28 em

and_an_ozonahkO0Rosyst e« ider %ﬁ@&géggsd%&ﬂé bes) & et Redf Bhn be
de-ionising water, conbined with a flush process prior to the start

of each 5Iuﬁ9hb?8ﬁ%cﬂﬂéhEm@%ﬁ@ﬁe Us- Ax POO3A DD 98BS [daseri besaks ndehnd
for produci BgoRAguepLs, Q7RG sl Mleasdes homhsal | GNL ApRALALUS,afd,an

ozone generator. It describes a net of de-1onising tap wat
itecii4ti'Sbﬂ@natﬂlﬂyVVEI@IHEWWANWerzc@tﬁmmJ@fOﬂﬂ#QKWB@IEGBaQOQQ¢@51

- 05-04- h
088, 0o 0500 2 QI L0, BASSLIGELL ALl & oxng cenerel

cartridges wethodateruitmedrai @roﬁhee|atep@cxﬁlédubﬂunushon&ahﬂrﬁﬁﬂ@ye
gr oss p?6t|culate that may have contam nated the ion- 5 exchange

medi a during transport or production. Once de-ionisation is conplete,
if a canister hasazbeemcilsed cxtistefarnsufit{iof water,. sQAhr eB0¥V@rerse

this fluid 8@%038‘lldfggfifgyidgkO%El%ia%!ﬁ%f“ﬁ?é%é?b d%r?gghggtfbélgﬁé

ion-exchange. The apparatus is preferably a portable system
and, as such, requires a method of purifying the water that

15 is small, reliable, quick, 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 portabkle, 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 sclutions 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 ozonatiocn system. US-B-4610790
describes a method for de-icnising 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
aqueous ozone using a de-ionisation apparatus and an czone

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



10 hazard. To overcone this type of problem ZA- A-988786 describes a
nethod for renoving residual water froma container which contains an
| on ERRERRRARIE TS, FR; A 0QRPAR0, i BebepRRi i xed bed deioniser  ppsipusg
providing 15 in-situ regeneration of cation and a &fn é?ﬁh&f - T
tank. EP-A-1393806 di scloses a nethod for charging e /Ppiled0 m05-04-201
exchange resin beds into a condensate dem neraliser. US- A-2902155

di scl oses a nethod of water softening enploying cation exchange

materials. 20 The present invention relates to inprovenents in the

usability of this type of apparatus and, _in particular, the apparatus
described in WO A- 2004/ 103452, 25AccordiAg to the invention there is

provi ded a nmet hod of producing process fluid for disinfecting a

surface, conprising the steps of: flushing an i on exchange

means with fl uPElgy &M RAPPIRG idupprousin dndiozeoei gepersdoil. uTAHBres F403i1d

to waste; 30desduYiHe80alhakinbd Eom bafgsfdgih@ﬁﬁ&ﬂéﬁi@éa&éﬁswﬂtﬁ(ﬂgea

t hrough the ion, exchange neans and directing the process fluid to

st orage means;¥ifift WAtE835y FrafaR; Thy lrdigntt &' the TEARRDELFENRARGMOVe

02CLi tt TCP' AMiyR¥sE GRr20dwldiel +888 maP e 2bntdminated ehardsieri sed

by the steps of oqzonating.the de-ionised fluid using an ozone
gener at or ﬁfovﬁ5§§§“ﬂ9tﬂe H SWGBR SEIRIRST ARy production.

Once de-ionisation is complete, if a canister has been

uged, it 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 containg an ion exchange resin.

EP-A-0055590 discloses a mixed bed deioniser providing
15 in-situ regeneration of cation and anion resins in a tanﬁ.
EP-A-1393806 discloses a method for charging two stratified
ion exchange resin beds into a condensate demineralisger, US-
A-2502155 discloses a method of water softening employing
cation exchange materials.
20
The present invention relates to improvements in the
ugability of this type of apparatus and, in particular, the
apparatus described in WO-A-2004/103452.

25 According to the invention there is provided a method
, of producing procesa fluid for disinfecting a surface,
cdmprising the steps of:
flushing an ion exchange means with fluid from a fluid
supply and directing the flushing fluid to waste;
30 de-ionising fluid from the fluid supply by passing it
through the ion exchange means and directing the process

fluid to storage means; and
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purgi ng the ion exchange neans with gas to renove 5 residual process ———
fluid after the de-ionisation process has been conpl et ed. The

nmet ho surt her co ri ses «0f purging fluid
condu?‘i'ﬁt ﬁoﬁ@?@& ‘BTt }aPs Né%ﬁé‘?@%ﬁﬁ 10 The de-i oni sedE 22
fluid is preferably ozonated using an ozone gener aPérl/piBo20H2HW 068 ~ 05— 04 2(
an oxygen source, and the oxygen source is preferably used to purge

fluid fromthe ion exchange neans. 15 The i nvention further
provi des apparatus for producing-process fluid for disinfecting a
surface, conprising: an ion exchange neans; means for

supplying fluid to the ion exchange neané-to 20 flush the ion
exchange neans; neans for directing the flushing fluid to waste;
nmeans for directing fluid to be de-ionised in the ion exchange neans
and passing the praﬂ&&mckbuideaamﬁumkaQEeﬂmaﬁ5ozaﬁdtﬁﬁfhﬁﬁa@belbﬁﬁéhd

by an ozone generator provi ded wit ur,ce, for ozonating
the de-i oni sed ad“mnﬁdm °z°1?‘ﬁaacﬁ§ef:3? %?Ef'r@é’?gﬁa FHP (A CARE9PBN
exchange neans sboreensangd resi dual process fluid after the

de-ioni sation pFOCQSE%J¥E§ Eﬁgnléﬁ”E%cﬂEﬁQe A0 02 €4 2 égmﬁc remove

5 residual process fluid after the de-ionisation process has

. been completed.

The method preferably further comprises the atep of
purging fluid conduits connected to the ion exchange means.

10
The de-ionised'fluid is preferably ozonated using an
ozone generator provided with an oxygen source, and the
oxygen source is preferably uged to pufge fiuid f£rom the ion
exchange means.
15

The invention further provides apparatus for producing
process fluid for disinfecting a surface, comprising:
an ilon exchange means;
means for supplying fluid to the lon exchange means to
20 f£lush 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
25 characterised by an ozone generator provided with an
oxygen source for ozonating the de-ionised f£luid; and
meang for directing gas to the ion exchange means to
remove resldual process fluid after the de-ionisation
process has been completed.
30
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- 5- The gas is preferably directed by the nmeans for directing - -
gas to renove residual process fluid fromfluid conduits connected to

t he W e ghggmeans. 5An oxygen ;sgukcaximy be connected to suppl v > -
ox‘y(gjlééﬁr?ﬂ?'0”é 'é‘%ﬁg%%@ﬂWaY%P?“}l‘g%%edﬁgggﬁg‘"nerator bei ng fl uidl ER: 85,
connected to a differential pressure injector. PCT/GBRHEF Q0 968 - 05-04-20
means are provided to supply gas fromthe 10 oxygen source to the ion
exchange neans to purge fluid fromthe i on exchange neans. The

apparatus preferably further conprises a de- ionisation |oop, said
de-ionisation | oop conprising the ion 15 exchange neans, fthe storage

means, a punp and val ve neans, all of WAfch are fluidly connected to

enable fluid to be circulated around the de-ionisation | oop.

A conductivity sensor may be provided for controlling 20 the

de-ioni sation | coFlendasays prdfecabdtyl dirddtedsbor tlge MBanes for The

apparatus pre f [ . an.zonation loap, .said

ozonati on IOO%E%%%%%ﬁé#%%h%%éﬁgggédggiﬁggﬁsPrﬁge%ﬁf%%ﬂ*%hFFa? s ur e

means connect @ehrdud tishcopnesikedyéoethe okon saictapgepnemok.val ve neans,

all of which are fluidly connected to enable de-ionised fluid to be

circul ated around the ozonation | oop. 30A tinmer neans may be provided

for controtling tHR& GXYEeR | YEEoPY (0B MeAnRCHed: toBupRlodRygen to

16:08: 52. 05. 4 .cHoh3 46adkiet, ShALS AR %eﬁér&%%g SEREER) a
16:10: 29 smyed att Ehe EP%,or‘;_ Agr i0 , 2013 16: 13: 56. gage 5 of 17
onnected to a differential pressure injector. .

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

the ion exchange means.

The apparatus preferably further comprises a de-
ionisation loop, said de-ionisation loop comprising the ion
15 | exchange means, the storage means, a pump and valve means,
ail of which are £luidly connected to enable fluid to be

circulated arocund the de-ionisation loop.

A conductivity sensor may be provided for controlling
20 the_de-ionisation loop and may be located in the étorage

means.

The apparatus preferably further comprises an ozonation
loop, said ozonation loop comprising the gtorage means,
25 differential pressure means comnected to the ozone
genexrator, said pump and valve means, all of which are
fluidly conmnected to enable de-icnised fluid to be

circulated around the ozonation loop.

30 A timer means may be provided for controlling the
ozonation loop.
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41E PCT/GB 2012/ 051 068- 05-04-2( Sa - _ Preferably the
i on- eRAMBIHOS-OMRU D Taw sonsemabt o2 cOBIERBMB Ui tabl e for a single
use. The ion-exchange neans is preferabl¥{99Q$ﬁ25@§/@91qﬂ§8 05 04 2
5 apparatus by neans of qui ck connect couplings.
source is preferably a consumabl e cartridge suitable for a S|ngle
use. 10The present invention describes the use of a water
purification nmeans based on an ion-exchange nechanismto purify the
water. The purification of the water all-eavs a consi stent | evel of
hi gh concentrati on aqueous ozone to be achieved fromvarying quality
pot abl e wat er supplies. The 15 i on-exchange systemis located in a
dual 1 oop, fluid 40g gé S %§%€é$%£%§ éG
05. 042013 16: 13: 56. Thi S paS‘ A AR 2153 S o at
t he EPO on Apr c@5tridas srgtablgeforagsingde use.
The ilon-exchange means is preferably connected to the
5 apparatus by means of quick connect couplings.
The oxygen source ias preferably a consumable cartridge
auitable for a single use.
10 The present invention describes the use of a water
purification means based on an ion-exchange mechanism to
purlify the water. The purification of the water allows a
congsigtent level of high concentration agqueous ozone to be
achieved from varying'quality potable water supplies. The
15 ion-exchange system is located in a dual loop, fluid
409919 TAB T
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-6- recirculation arrangenent with a differential pressure (Venturi)
injector allowing for both water purification and aqueous ozone

generati on jlitated by a single punping neans. g i

Furt her, tﬁ&8?@'?%9§ttput line fromthe ion exchange / FETCHA406h
cartridge is connected to a purge line as well as connecting into the
fluid re-circulation | oop. The purge l-kne i s connected to waste,
all ow ng organi c conpounds 10 | eaked from the ion-exchange nedi a
during storage to be washed to waste rather than into the process
tank. Organic coqpounds within the process tank retard the ozonation

process andfiente %?ﬁ?%ﬁnﬂﬁﬁi?gS?ﬁﬁépEbﬁ%e%t AFHAL BaRSpRre

achi eved. Stvéhcdiit heljectRUBI@kiAg £6r WItONR @A puldreennest eshd o
the upstream fluid supply |l oop of the ion_exchange cartridge and

connect ed t 8TERRISVRIVH SYGERTIAPpEY PF nER Gt TR st ber @ ThEIbBRYgen
line provi dggmexygeRe4 t he 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 i|on ex@nanae canld i:498q0byLbaul fhadhe di ayid kg dlrreied /
t hrough the output purdge Tine to waste, allowi ng the ion exchang
cartri dge tdebecmiprmvieth /cagttanged wist bouhesprd |ing fouigd. Lifiet he well

oxygen sour i smal | fixed, vol.une 25 consu l.e _caniste t he
oy e proceds e, S B E e e D e P e e
di sposed of line ai standarctasastewatteansllowing orBaiicneenpbondw | |

now be scri bed way of, exa e 30 only, with reference to and as
shown iﬂ thieﬁ%%%ngéﬂ?i dfﬁmﬁ%&génﬂﬁ Wﬁé%ﬁr&%r%pﬁ SToTagdei hiirk®1 is
a schemati cwathéder @pparat Usitdkrt RRahNVeRd | O @Gtess tank. oFGgGMIE 2
is a schematic of the flow path through the 5 de-ionisation cartridge
to facilitafe™peryihgiithin the gupeess| sank seticiiat i"MSsRERMAG Phe

el ements of ;pPEe £ELAMN MH-Of heha BRPAE AL HSn MU 1627 208 USeHat Noan

conjunction wth the apparatus described in WO A-2004/103452. 10
be achleved. S%till further, a purge line 1is, 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, oxvgen is directed through the purge line
to clear the ion-exchange cartridge of ligquid. The liquid is
directed through the output purge line to waste, allowing
the icn exchange cartridge te be remcved / 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 descriked, by way of example
30 only, with reference to and as shown in the accompanying

drawingg, in which:-



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

| ocated in [ uit 11. The fluid conduit 11 is fl

connect ed ﬁ%b%hggtggﬁlsation cartridge 15 13, for exanp?g%@$zwéﬂﬁ@6%ﬂ
a connection tee 23 and a qui ck connect coupling 22a at an inlet end
of the cartridge 13. Figure 2 is7a schematic representation of

the internal structure of one suitable enbodi nent of the
de-ionisation 20 cartridge 13. Fluid enters the cartridge 13 via an

inlet tube 14. |on| ation nedia 15 is_retained between two fluid
per neabl e struct G §° W@El?h?ﬁnéh?i%ﬂREFaFHﬁeof4Fh?hrough
medi a 15 anﬂnﬁ@ﬁtiﬁnﬂ|h%dpartridge via outlet tube 17. 25 The

cartridge 13 is preferably connected to a waste tank 18, which has an
outlet 19, by neans of a flush line 20. A valve 21 is located in the

flush line 20 anganout liet ;erdnehathe SAM{Hd Ok%w $aRHELELBRLY the
connected to the flush 30 line 20 by neans of a further quick connect

coupl i ng® 228~ 1cngsat e cagpardoas teorpri s te derigdnidsat i on
re-circulation | oop conprising a tank 25, a punp 26, a valve 27 at
the inlet end of the cartridge 13, the cartridge 13 and a val ve 28 at
the outlet end oEimh@adaﬂﬁxﬁdgehEQatatlsmwwxwg<ﬁheaméeﬁehtaidfyone

connected i y. S d |t ena the fluid to be
ci rcul at ed %@%ﬁ%%ﬁgﬁp fﬂ%ﬂ%'?%% a%gaga ?ur 2? cgﬁgrﬁgegoﬁ%unCtlon
ozonat i on reithltmmn&ﬁpanadu@oneeompbeslﬂ@ whert2zke /29348he punp 26, a
10 valv? 29 and a differential pressure injector 30, all of which are
fluidly Connected in series to forma | oop by nmeans of conduits, to

enabl e the flui datouds cigrcullatiad anogndis herd RoRb115AALEZ208€ potable
generator 31 'f fluidly connected to the
gualify, is provided to the apparatus 10 via fluid conduit
11. A valve 12 is located in fluid conduit 11. The fluid
conduit 11 ig 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 Lo 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 guick connect coupling 22Zb.



differential pressure injector 30 by nmeans of a conduit 32, with a
valve 33 located in the conduit 32. An oxygen canister 34 is fluidly
connect ed o) e generator 31 by means of a condui ] a
pressure céﬁ?%@ﬁ”ﬂéﬁge 36 20 located in the conduit 35.$§T%%PWﬁ@%®m
conduit 37 connects conduit 35 to the de-ionisation re-circulation

| oop between valve 27 and the cartridge-13 and a further valve 38 is
| ocated in this conduit 37. 25The tank 25 is provided with a | evel
switch 39 and a conductivity sensor 40 of a suitable design. The
met hod of produ0| ueous ozone solution by means of this apparatus
'S as fol | ows. |G FHHAC WeepONbRESTS- 2 J0°T 4 SRT6R E47ELFAGE 15T o

flushed thr @@gﬂa S fdi@8N of kind. 259 @f}ﬁ@ﬁﬁ id) s valive 22 ks epened,
and fresh fluid flows fromthe sup al ong f|UId conduit 11. -9-
val ves 27, 38lahe®8 derfdien C@F6§éﬂg§na3va¢% PE L CGFedddanthe valve

flushing flugdaflows 6JH1@tQQth%fd€héOBa§@$i&jb cayf,t 1h 408 13n; vh & fhe
connection tee 23 and the quick 5 connect couplings 22a, 22b and into

flush |ihe 2b0uighy vetrveected The SEEGSAi Ry Meand Entcensiuwast 8ot ek s,
where it 'Sgﬂéfﬁf&f&’ ey B’@%H‘ic‘é'léagkli Lebu P i@ gy i oni sation

cartridge 13 contains cationic an ani oni ¢ de-10ni sation resin
whi ch can | each organic nol ecul es during storage. Flushing the

cartridge 13 ens dﬂ% e ch % | ecul es are flushed to
waste. Wt hout t 5 aéatﬁ%czé%tgfgeag osfeg%na}ncs cantl%e taken into

t he processcikuuﬂbtnmbéxnea@m@@rwethggaBeou&ﬂozunethﬁh@umpesenca 15
of orga cs retar th ntration of agueous .0zone at n pe
gener at & ﬁ gs ‘% i;figfﬁﬁ bé?l BECS ST e ISEoHE hﬂstaiﬁrgf

oxi di se thewmgkanaﬁe rmﬂ@mll.essomes:e@a iTheetleed ot Strion ¢atbribdge
flush phase continues for a period of time, typically related the bed

vol une of tAB2RAreti oygEWdsr3 toacpphbe Fges?%H%QH$QMQ$nC&5FVéa§§ opens

and, on conpketh@n-wf tdg pre-determined flush time, valve 21 is
cl osed. The next stage is the de-ionisation of the fluid. Valve 25 28
is opened and fluid noves through cartridge 13, valve 28 and into

tank 2545 Vater fAQus,int o dankids until £pesdeyelomudeh %8 tfe

activated. Valve 12 is closed and conductivity sensor 40 begins
moni t ori ng ehéfeperivcal \Wuessyfret Raieropd. 3Pudp WENss afupnedndniand?,

val ve 27 iswgeﬁngdvaiéétég S oehR98 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 wvalve 36
20 located in the conduit 35. A further conduit 37 connects
conduit 35 to the de-icnisaticon re-circulaticn loop between
valve 27 and the cartridge 13 and a further valve 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 aguecus ozone scolution by means
of this apparatus is as fcllows. 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 fluid is directed around the de-ionisation re-circulation | oop
fromthe tank 25, through the punp 26, the valve 27, the cartridge 13
and the val back to the tank 25. - 10 - id i
re-circula?% 2ﬁg?| ﬂ%t reaches a predet erm ned conductisgigh%%?asums
poi nt, as neasured by conductivity sensor 40. Punp 26 then turns off,
and valves 5 27, 28 are cl osed. -fhe third stage of the process
is the ozonation of the de-ionised fluid. To effect this, valve 29 is
opened, punp 26 is turned on and fluid noves around the ozonation re-
10 circulation |l oop fromthe tank 25, through the punp 26, the valve
29 and the differential pressure injector 30 and back to the tank 25.
The flow of fluivkityough tige=dudf bereatdal Jressuced pheotor: 30s
creates a vacuumat the injector's gas inlet. 15 Valve 33 is
opened, the®B3oFe: getferdtei8e £4Uidr hber ot HfP B yFgen Cr bRl s bipn

oxygen cani sfef 38y t1y,048h RHESShR:C6OMA Mled/alVandbche Lhe-pzoNe
generator 31. The oxygen gas passes through the ozone generator 31,

where a roperi¢eh FBIRG YIEacréd £6P produbevZdnehgdsneTRE vranealjas

is directedsthr - ng | r i he Lreul ating
fluid via d%%fe@gﬁl\éﬁhﬁ%ﬁgtlgﬁ gS%ﬁtﬁlétVﬁée%oﬂn%kgggérgﬁlggé&%ytﬁ% ns
on, a tinerdisestedted vaAfeevia preldete?nined length of tine, valve
33 is closed, the ozone generator 31 25 is turned off, the punp 26 is
stopped and valve 29 is closed. The resulting aqueous ozone sol ution
is stored in tankh®5id-0.dvd saseédni naatsiddace’ decantiar pationiprocess.
I'n the final stage f_Iheéprocess t he ggrionisation 30 cartridge 13

i s purged t 0"t ¥V MY FERERINGCP I T o G e ThicE9%0afves 21,
38 are openedleceauldédetuiisisisantradeandl oxtygen fHeoomarheicani steenddres
fl ows through de-ionisation cartrigge 13,é%?rgugh val ve 21 and into

the waste tARRE 18 TRriSRFHGr §PAGCUOXS gote J fcet'afiBe UL he
de-ioni sati eRe caArtish dge ckdsandcdbaphasesanbtL£rcd dehe aedi andd before

passing bacgrggésgffﬁﬂﬁi%ifggl%%gc%gdv&f%ﬁugéégoégngione. The presence

15 of organics retards the concentration of aqueous ozone that
can be generated within a specified time period, as the
ozone must first oxidise the organic molecules present. The
de-iconisation 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, valve 21 is

closed.

The next stage is the de-ionisation of the fluid. Valwve
25 28 is opened and fluid moves through cartridge 13, valve 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-ionisaticn re-circulation
loop from the tank 25, through the pump 26, the valve 27,
the cartridge 13 and the wvalve 28 and back to the tank 25.



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 prqwge&g Hhﬂ?d time valves 21 and 38 are closedgﬁggﬁgbﬁgghg%d

of the tinmer e endent on the volume of the oxygen c
si ze of cartrldge 13 10 In the preferred enbodi nent, the oxygen
canister 34 is a small, fixed volune asrosol. The timer is set to

allow the aerosol to enpty of oxygen via the de-ionisation cartridge
13, thus allow ng 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.rRu@ing theideulbhesisait 0N caridddge h3paklows it to
be renoved without fluid spillage. In the preferred enbodi nent the
de-i oni sat i aﬁteﬂéfflmcag@%@qtswé ImafE, PPiXed A IMARSEERs Bivabl e 20

item whi chc@ageceﬂﬁﬂ%%@{sofﬁ Wind, Peﬁgrr@@ A spasgd, Ol AN anRoLByes
waste stream A al T WADE TENNA 020 PCT/ GB 2012/ 051 068 -

05- 04-20°-127. €8 ™6 clessal.net hod of producing process fluid for

di sinfecting a surface, conprising the steps of: flushing an ion
exchange 5 neans (13) with fluid froma fluid supply (11) and
directing the f|ﬂ@@i¢ﬁﬁﬁdlﬂﬁ$9E00W6$he P18ygss is unedoa@hetmgnfbﬁidhe

from the 11 4bd; supply. (1), by Passing L4 Lhrovah, the Lon exehange,

nmeans (13) and rec r 0CEss urd’ to storage NEans
locharacter2§edsbyuiﬁmdsnepﬁmbﬁlazdnabveg dheurde-dtenicgedatiundrasi ng

an Ozoneogeggggﬁ?at£%%) ro%ﬂ%%gtﬁgtga Q ?qugubug‘ %%e(%g%§ %gﬁ 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 iniector’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 czone gas is directed
through valve 33 and is entrained into the recirculating
fiuid 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 agqueocug ozone scoluticen is stored in

tank 25 to be used in & 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, valves 21, 38 are opened, a timer is started

and oxygen from the canister 34 flcws through de-ionisation



purgi ng the ion exchange neans (13) with gas to renove resi dual
process fluid after the de-ionisation process has 15 been

conpleted(]\ﬁb.mzﬁ56 nmethod as clainmed in claiml, furtg%ﬁgﬁﬁgg@héhgg

the step of purging Tluid conduits (21) connected to th

means (13). 20 3. A nethod as clained in claim2 in which the oxygen
source (35) is used to purge fluid frem4+he i on exchange neans (13).
25 4. Apparatus (10) for producing process fluid for disinfecting a
surface, conprising: an ion exchange neans (13); means (11, 12)

for supplyin luid to t i on,exchange. neans. (13) .to flush the jon
exchangg ﬁeﬁ%%%ié??eég%bgﬁgx%?@;Vf Yezg? Y F5r° ditfedeithg Fﬁ%g 1g!
flushing flpudihg wasdiaig 050l knteos: 051 H4. 203 116:08+Hh3- 86-042013
16: 13: 56. Thl s age?of | AMVENDED SHEETol a 16:10: 57 :-//3"yed at the EPO
on Apr 05, ?8@% 36193 B LPLAPE 7 0P E79 MBLESS WS ITERNARE media 15
02cbi | | gAL i pldoreebiddikdy L35 RETHEBRO124 PBL QF8 13 95204u20et tube

5 17. Residual fluid from the de-icnisaticn process within
cartridge 13 is thus displaced by the oxygen and is forced
to waste tank 18. After a pre-determined time valves 21 and
38 are closed. The length of the timer is dependent on the
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 aeroscl to bes 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.



- 13- means (26, 27, 28) for directing fluid to be de-ionised in
the ion exchange means (13) and passing the process fluid to storage

”ear'rszrlf?it?@)(i&- 901350 7 WS ARLEE %%’4&‘%’0: jlgizone generator (31) EP

provided™w th™5 an oxygen source f 0zonat i “';“72238
fluid; and means (34, 37, 38) for directing S’gygg ﬂﬁ]eéﬁgfsgs 05-04-20]
exchange means (13) to renove residual process fluid after the
de-ioni sation process has been conpleted. 10 5. Apparatus (10) as
claimed in claim4 in which the gas is directed by the nmeans (34, 37,
38) for directing gas to renove residual 1process fluid fromfluid
conduits (21) connected to the ion exchange means (13). 15 6.
Apparatus (10) as clainmed in claim4 or claim5 further conprising an
oxygen source (34) connected to supply oxygen to an ozone gener at or
(31), said ozoR&A&EBerator (31) being fluidly connected to a .
differential pressure injector (30). 20. 7. Apparatus (10) as
clainmed in claim6 further conprising neans (37, 38) to supply

fromthe oxygef-soub o) of PFMGIGH Bﬁ%%élﬁéén?”( ﬂs%eﬁgiéﬁ a
fluid fromthe suena@a(cthm@ewmgl&z{ala):epe%f8 £ARRALAY Ui (1LR) eR€hange

e’ oni sat i n PE0R? BB, BHHEL B Rob b AUPPL ngt Dhenfitrecting

exchange neanstbésgluﬂﬂmmgsEmuagexnmaBSe(Rﬁel,a.punp (26) and val ve
means (27), all of li.ch . r i d_t nahl luid to
be circul ated aroun t"r?gn%g??oﬁdsla |f%n¥I %g@% P ﬁpfy aﬁﬁ LY pass ng
aon0504. 2013161 08tHoGH Meoimei@h@eﬁelmm‘g?eddﬂbl\mm@ectmg the

SHEETonl arlie B ¥&ek aty iRec ERQ QA APhelRs @313 18413:56. Page 8 of
17 2Ja

10 characterised by the steps of ozonating the de-~ionised
fluid using an ozone generatoxr (31) provided with an oxygen
source (35); and

purging the ion exchange means (13} with gas to remove
residual process fluid after the de-ionisation process has

15 been completed(lsf.

2. A methed as claimed in claim 1, further comprising the
step of purging fiuid conduits (21) connected to the ion
exchange means {13},

20
3. A method as claimed in claim 2 in which the oxygen
source (35) is used to purge fluid from the lon exchange
means (13}.

25 4., Apparatus (10) for producing process fluid for
diginfecting a surface, comprising:
an ion exchange means (13); ‘
means (11, 12} for supplying fluid to the ion exchange
means (13) to f£lush the ion exchange means{13};
30 means (18, 19, 20, 21) for directing the flushing fluid

to waste;

4093275; TAB; T)
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. lor #20130UL T WAD: T ENNANT O 2 O . CLMSPAM """ gat' 4185 T
PCT/ GB 2012/ 051 068 - 05-04-20] -14- 9 Apparatus (10) as clai ned |n

anytfoﬂrftiemé%?&fﬁtsﬁo&ewts%mm& &@BW%E‘WA%}Y sensor (40) for E S ASE
controlling the de-ionisation |oop par a

in claim9 in which the conductivity sensor (40) ?§T9§@%§@§2féﬁﬂﬁﬁ§§ 05 04 20-
storage neans (25). 11. Apparatus (10) as clained in any one of

claims 4 to 10 10 further conprising an ozonation |oop, said

ozonatiron | oop conprising the storage neans (25), differential

pressure neans (30) connected to the oz@me generator (31), said punp’

(26) and val ve- neans (27), all of which are fluidly connected to

enabl e de-ionised fluid to be circulated around 15 the ozonation

oD eane o o) (28, 71 T8 40 WAy RILIEYo SRTRLL Rl

timer neans for cont ozonatl
in the ion exchange means {13) and passlng the -procesgss fluid

to storage means (25); and
characterised by an ozone generator (31) provided with
5 an oxygen source (34} for ozonating the de-icnised fluiq;
and .
means (34, 37, 38} for directing gas to the ion
exchange means (13} to remove residual process fluld after
the de-ionisation procegss has been completed. .
10
5. Apparatué {10) ae claimed in claim 4 in which the gas
is directed by the means (34, 37, 38) for directing gas to
remove residual process f£luid frowm £fluid conduits (21)
connected to the lon exchange means (13).
is
6. Apparatus (10} as claimed in claim 4 or claim 5 further
comprising an oxygen source (34) connaected to supply oxygen
to an ozone generator {31), said ¢ozone generator (31) being
£luidly connected to a differential presgure injector (30).
20
g, Apparatus (10) as claimed in claim 6 further comprising
means (37, 38} to supply gas from the oxygen source (34) to
the ion exchange means {13) to purge fluid £rom the ion
exchange means {13).
25 )
8. 2pparatusz (10) as claimed in any one of claims 4 to 7
further comprising a de-ienisation loop, said de-ionisation
loop comprising the lon exchange means (13), the storage
means {(25), a pump (26) and valve means (27), all of which
30 are fluidly comnected to enable fluld to be circulated
around the de-ionisation loop.
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20 13. Apparatus (10) as clained in any one of claims 4 to 12 in
whi ch the ion-exchange nmeans (13) is a consumable cartridge SU|tabIe

for PrmédiEe04eaidiou ridaoARRARM b CLRBEAYMI aimed in claim13 in gp

RIS e

39485
whi ch the ion-25 exchange (13) neans Is connected
gﬁ:%&ﬁ%@%ﬁgﬁa{:@gusos 04-201

(10) by neans of quick connect couplings (22a, 22
(10) as clained in any one of clains 4 to 14 in which the oxygen

source (35)
M MM TAL Ti

i1s a consumabl e cartridge 30 suitable for a.single use.
on: 05. 04. 2013 16:08: 52 - 05.04.2013 16:13:56. This page 9
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g. Apparatus (10) as claimed in any claim 8 further

comprising a conductivity sensor {40) for controlling the

.de~lonisation loop.

10. Apparatua (10) as claimed in ¢laim 9 in which the
conductivity sensor {40} is located in the storage means
{25} .

11. Apparatus (10} as claimed in any one of claims 4 to 10
further comprising an ozonation loop, said ozonation loop
comprising the storage means (25), differential preasure
maans (30) connected to the ozone generator (31), said pump
{(26) and valve means (27), all of which are f£luidly
connected to enable de-ionised fluid to be cirxrculated around

the ozonation loop.

12. BApparatus {(10) as claimed in claim 11 further

comprising a timer means for contrelling the ozonatien loop.

13. Apparatus (10) as clalmed in any one of claima 4 to 12
in which the ion-exchange means (13} is a consumable

cartridge suitable for a single use.

14. Apparatus (10) as claimed in claim 13 in which the ion-
exchange (13) means 12 connected to the apparatus (10) by

means of quick comnect couplings (22a, 22b).
15. Apparatus (10} as claimed in any one of claims ¢ to 14

in which the oxygen source (35) is a consumable cartridge

guitable for a single use.
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