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significant quantities of organic matter such as humates, sani-
tation by means of high levels of chlorination may add new toxic

chemical contaminants in the form of trihalomethanes (THM’s).

The water source may also be a private well for which the user
is wholly responsible for the treatment system. However, few
private users have the technical knowledge to properly treat and
maintain such a source. Thus, a need exists for a simple, point
of use, automatic device that is capable of efficiently treating
the water to the potable water standards set by the USEPA
(United States Environmental Protection Agency), and which is

appropriate for use by a private individual or office.

Multistage treatment of water using sediment filters, followed

by activated carbon filtration to remove chlorine, followed by



art. Because reverse osnosis nenbranes generally have
low rates of water treatnent, treated water nust be
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US 5,683,576 describes an ozone-based water treatment apparatus
suitable for residential point of use and point of entry. This
comprises a pretreatment filter, a batch ozone reactor (CT cham-
ber), an ozone generator, storage tanks and a micro-controller
to treat water. The raw water 1s passed through a pretreatment
filter to the CT where ozone is dissolved in the water to kill
bacteria, viruses and other microorganisms. The ozone 1is manu-
factured in situ by an ozone generator. Treated water is pumped
to a storage tank from which it is drawn on demand. The storage
tank is protected from airborne contaminants by a blanket of
ozone-enriched air in the gap between the height of the stored
water and the top of the storage tank. Water from the CT pours
through this blanket as it enters the storage tank. Stored water
is re-circulated periodically back to the CT for re-treatment.
Such a device has certain drawbacks. When water is re-circulated

to the CT for re-treatment, no raw water can be ozonated because



Such a device has certain drawbacks. When water is
re-circulated to the CT for re-treatment, no raw water
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answer to removal of inorganic ions such as arsenic or fluoride
that may be present at concentrations that represent a long term
health threat. In addition, there is no possibility to store pu-

rified water while continuing treatment of raw water.

It is thus an object of the present invention to overcome the
drawbacks of the prior art, especially to provide a method and
device for purifying a liquid which allows for efficient purifi-
cation of a liquid such as raw water, in particular in a point
of use application. In addition, the device should automatically
ensure reliable purification and avoid recontamination in cases
where no purified liquid is dispensed for a certain period of
time. According to the present invention, these and other ob-
jects are solved with a device and a method with the features of

the independent patent claims.



where no purified liquid is dispensed for a certain
period of tinme. According to the present invention,
wo bmsosamd ot her ob jects are solved with a deRCTEPANE050768
a method with the features ofy the i ndependent patent
clainms . The device is basically used for purifying
i quids such as po tentially nonpotable water froma
private well or unreliable public source. It conprises
at | east one ozonation reaction liq uid treatnment unit
hydraulically connected to the source. The primary
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According to the pre sent invention, the device is
gasrfﬁPﬁﬁ%?rp?8€|a&&rﬁPPﬁtﬂencP?cEPEtgéﬁ rBah&ef 6PTM 3f small

bubbi@s?'Eﬁﬁk@%kﬂgtghﬁeghgaESdcbthbg EE@”&B@§u§tghaggx1t of wa-
reservolr roug are-circulation line prOVI ded with
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?org fhe ozonation unit. Rather, it is
fed through said filtration unit which is arranged in
the re-circulation line, and back to the storage

reservoir. Such a design has, several advantages.
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1icahh Qubdnhe@PEd to the ozonation unit, for storing purified
water until it is dispensed by the user. According to the pre-
sent invention, the device is further provided with re-
circulation means for re-circulating the treated liquid from the
storage reservoir through a re-circulation line provided with at
least one filtration unit. Contrary to the prior art, the
treated liquid is not re-circulated from the storage reservoir
to the ozonation unit. Rather, it is fed through said filtration
unit which is arranged in the re-circulation line, and back to
the storage reservoir. Such a design has several advantages.
Firstly, it is possible to re-circulate the ozonated liquid from
the storage reservoir a plurality of times through said filtra-
tion unit in order to remove inorganic pollutants still present
in the water after ozonation. This allows optimum use of filter
media to be achieved because of the lengthened residence time
created by repeated treatment in the filtration unit. Secondly,
ozonation treatment of new raw water can be carried out in par-

allel with a re-circulation cycle, which increases the effi-



the storage reservoir a plurality of tinmes through
said filtra tion unit in order to renove inorganic
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This allows optimumuse of filter nedia to be achieved
because of the | engthened residence tine created by
repeated treatnent in the filtration unit. Secondly,
ozonation treatnment of new raw water can be carried
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uid contained in a storage tank from time to time if no liquid
has been dispensed for a certain period of time. By providing an
ozonation unit for ozonating raw water and an additional means
for ozonating the purified water in a storage reservoir, ozona-
tion of raw water and re-ozonation of the purified water can be
carried out in parallel. Re-ozonation therefore does not have
any negative influence on ozonation of the raw water in the
ozonation reaction unit, or on the daily productivity of the

treatment system.

Preferably, at least a part of the re-circulation line forms a
part of a hydraulic connection between the ozonation reaction
unit and the storage reservoir. It is especially preferred to
arrange a filtration unit in the re-circulation line in such a

way that ozonated water pumped from the ozonation reaction unit



carried out in parallel. Re-ozonation therefore does
not have any negative influence on ozonation of the
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daily productivity of the tregatnment system
Preferably, at least a part of the re-circulation line
forms a part of a hydraulic connection between the

ozonation reaction unit and the stor age_ reser Voi r.
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further enbodi nent of the invention, the device may be

provided with timng and control neans for
periodically re-circulating liquid through the
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recirculating the liquid until the concentration of
thispgp| geRAESaldy preferred for preventing re-growth of micro-

biological contaminants.

Additionally or alternatively, it is also possible to provide
the device with pump and control means for automatically re-
circulating the liquid until the concentration of pollutants to
be removed from the liquid by the filtration unit has fallen be-
low a pre-determinable level. Of course, in one and the same de-
vice, there may be both, means for periodically re-circulating
the liquid and means for initially re-circulating the liquid un-

til a certain concentration of pollutants is achieved.

In one preferred embodiment, the filtration unit in the re-

circulating line i1s preferably meant for the partial or complete
removal of inorganic ions such as arsenides and/or fluorides. It
has been found with respect to the trivalent, arsenite, form of

arsenic, the ferrous, divalent form of iron, and the trivalent,



be renoved fromthe liquid by the filtration unit has
fallen be low a pre-determ nable level. O course, in
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periodically re-circulating the liquid and nmeans for

initially re-circulating the liquid un til a certain

concentration of pollutants is achieved. In one

preferred enbodinent, the filtration unit in th
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Preferably, the ozonation unit of the present invention is de-
signed for batch wise ozonation of a certain, pre-determined
quantity of liquid. This allows for ozonation for a time suffi-
cient to reach the desired treatment level even in case a user
should dispense water from the storage tank. In addition, this
allows for purifying water and refilling the storage reservoir

even in times where no purified water is dispensed.

According to a further preferred embodiment, the device may be
provided with a gas conduit between the ozonation reaction unit
and the storage reservoir. Excess ozone, which must be allowed
to exit from the ozonation reaction unit, may be transferred to
the storage reservoir through this conduit. This allows for a

particularly simple ozonation in the storage reservoir with one

and the same ozone generator. According to this preferred em-



cient to reach the desired treatnent |evel even in
case a user should dispense water fromthe storage
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refilling the storage reservegir even in tines where no
purified water is dispensed. According to a further
preferred enbodi nent, the device may be provided wth

gas conduit bet ween the ozonation reaction unit and
bOleﬁétstBPSgétPéégﬁvéﬁﬁerEﬁééséSoEéﬁeldﬁﬁlUﬁtﬁuéﬂ petivated
carbBh! QWRE F91eXkt £ELOMLRG: R40BAEHAN FLEBRACEHAN HPIE e MBY s
be transferred to the storage reservoir through this
streemndanthefhasrabkomsygen aWbaphrcalaehyegrnpteof the storage
ozaonat i on Lg t he s%o one, an

reseZSRiT oy 8ie endr APbr ICALERP |n§r98 |sp8r8FeP Hlew of user

healehbedunenteti/h€ost Ohage Hasatyeliesi srpbavhdedowehlec@nthe im-
activated carbon vent filter for renoving ozone from
mediphe eaPpi ef §AS YeFBAnPPELTREF-air or oxygen) which is
vented out of the storage reservoir, as it is not
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age peetewvabky provided wth a punp for feeding the
liquid. The punp may be used primar ily for feeding
the liquid fromthe ozonation reaction unit to the
storage reservoir. As the liquid will be fed through
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. _feed the liquid at o _
with a pump for feeding the liquid. The pump may be used primar-
ily for feeding the liquid from the ozonation reaction unit to
the storage reservoir. As the liquid will be fed through a fil-
tration unit, it is preferred for the pump to feed the liquid at

a constant flow rate.

It is especially preferred to hydraulically connect the pump to
the storage reservoir with valve means in such a way that in a
first operating mode the pump is adapted to feed a liquid from
the ozonation unit to the storage reservoir. In a second operat-
ing mode, the pump is adapted for re-circulation of a liquid
through a filter unit and the re-circulation line. In a third
operating mode, the pump is adapted to feed the purified liquid
from the storage reservoir to a dispensing spout. With one and
the same pump and by a use of appropriate valves, all liquid

feed can be accomplished.



a constant flowrate. It is especially preferred to
hydraulically connect the punp to the storage
WO e®enssild Wi th val ve nmeans in such a way thatPCTIER2006/050768

first operating node the punp is adapted to feed a

liquid fromthe ozonation unit to the storage

reservoir. In a second operat ing node, the punp IS

adapted for re-circulation of a liquid throug
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Stepdlsbenénqglgp@atozvmahednenand thensamenpunptan@hbyogonated
riate _valves, all liquid fee an
viquy R iR T BRe S AR EGFar RS £3 & FUPERGF ASSREVOGF ¢ REereby a
11quuaveatp@afeaaﬂmyh@adf@hr@ughiéyimgaatlbﬂélﬁlltmation unit.
particular water, is provided. In a first ste t he
In alﬂaéFdSF§Pozéhﬁt%aqPﬁdaﬁSoﬁéﬁﬁﬂFéﬁléﬁ?ﬁ frpe gh@naﬁeaage

resekbgﬁkdth§oﬁpﬁn tE@”éE?E @gtggn %§g@r a8 b §ﬁr¥8'Ehe storage

Thereby a quid Is pre era roug I east
reseonelt|thKQUgbnaUnﬂbastnoaelﬁsﬂtshéppnthalt|qBrdfesably the

. re-circulated fr he stor ervoir .through a
Liaup§. O SRS Rub kb e Rhaeh ST b F a0l bhibatRedBpg prpnster
fromtBh@ugﬁoﬁbthaﬁsbnﬁﬂetblkhéabtaﬁagalkesgkebﬁkaﬁhm #heing re-
liquidis fed through the same filtration unit during

circplahsper PPBRPPREa6ZORAPPENaDAI Valgefhaldpyr 4ge selectively
conn§§g§@§ﬁkhea@§3995 99n' § EkrEH'?LEOQe A@EEBEB%EES RiRESor to

ves a or sel'ect ive y connectin
a trhhkfeat ildneunbhntottihg thecozouhaﬁbnnuhunetorthe atorage
transfer line connecting the ozonation unit to the
resegy¥giLge reservoir. The liquid can be re-circul at ed
fromtinme to tine, e.g. periodi cally. Re-circulation
preferably is made if a too little quan tity of

The RYHLEibedawaber rhas;begnadbareprsrdiine aoPtendet 817 Ngdriodi-
cally. Re-circulation preferably is made if a too little quan-
tity of purified water has been dispensed for a pre-determined
period of time. Such a re-circulation, combined with periodic
ozonation of the storage reservoir, prevents re-growth of bacte-

ria in times of non-use.

Alternatively, it is also possible to re-circulate the liquid
after transfer from the ozonation reaction unit for a certain
period of time or a certain number of times. Re-circulation is
made until the amount of pollutants in the liquid is reduced be-
low a pre-determinable level. This can be measured either di-
rectly by measuring a content of pollutants or empirically by
re-circulating the water for a certain period of time. Of
course, it is possible to initially re-circulate the liquid in
order to reduce the amount of pollutants and thereafter to peri-
odically re-circulate the liquid after ozonation of the storage

reservoir in order to prevent re-growth of biological material.



period of tinme. Such a re-circulation, conbined with
periodi ¢ ozonation of the storage reservoir, prevents
wo eoogogsstdh of bacte ria in tines of non-use. PCT/EP2006/050768
Alternatively, it is also pogsible to re-circulate the
liquid after transfer fromthe ozonation reaction unit
for a certain period of tinme or a certain nunber of
times. Re-circulation is made until the anmount of
pol lutants in the liquid is reduced be |ow a
AccoRféngdetsr gl pabtgckeyebreFhba eABoAEmARASHEEdNneI t ROENEion,
rectly by neasuring a content of pollutants or
the emphei éabkyeByliquedr éal deAnghrhuohatepr-foltaatépnafavices,
eriod of OSSI t ni I
eriofeterRaliar it iu®) pEEHaSE GharPoRe  ehnle  FRalakblibyn an
actloétpalbakathbabdktheneattebrtehpekEmedamabEycolloldal par-
re-circulate_the liquid after ozonation of the storage
t101?éséPgoﬁﬂSPHlH?GePrEGDﬁFeWéEFeFe éPéﬁPHerbﬁléPoéFEéVated

alumgﬁgeﬁhﬁkeéCQHEghngstgs@dfQBEhgémBQQEeBEegnggegghEEQBDS such
of the invention, the ozone treated liquid i§

as arheoddhst wo- Filubrateen devices, prior to enterlng t he

storage reservoir, preferably through an activated

carbon block filter for the renoval of coll oidal par

ticles and di ssolved organic matter, followed by an
Accoadfihgatedaalkurtnarf pkteerwbicbmbsdtisedtf otheemyal dofis

i norgani c jons_such as arsenides or fluorides .
OzonﬂEééraPné pataht &Pt ke BF@P@FF@B ERBEHIRBNENIEReTherefore, a

pre- Bbgékﬁlhédoégﬁﬁkggy'Bfalﬁahﬁa ke theaezanahi efe ozonation
reaction unit. Therefore, 'a pre-determ ned quantity of

reactuquldnns tBeaﬂedreateﬂequaohatyonfréaqﬂndnlansubSSaudntly

red LbePhE PR abL e Strral| et Rr ke, Pea ke b S bl ey Bnis a1-

lows| @Ws EOboat@ﬁabuauaaschaWQBeMtsgatm@atnamtra& waWer in the
water in the ozonation unit. In parallel, purified
ozonggiep Eaﬁtbelal§ﬁéﬁ§é§l purlfled water can be dispensed

from the storage reservoir.

According to a further preferred embodiment, the purified liquid
in the storage reservoir is at least temporarily treated with
ozone in the storage reservolir. Such a temporary treatment in
addition to ozonation in the ozonation unit avoids re-growth of

biological material.

It is especially preferred, to feed excess ozone in the ozona-
tion unit to the storage reservoir. If the amount of ozone is
not sufficient, a direct connection may be made between the

storage reservoir and an ozone generator.

It is further preferred to remove ozone contained in the gas

phase in the storage reservoir from a gas stream exiting from



fromthe storage reservoir. According to a further
preferred enbodi nent, the purified liquid in the

WG R@ragms40 eservoir is at |east tenporarily treBtBEPUWNE/50768
ozone in the storage reservoifr. Such a tenporary
treatnment in addition to ozonation in the ozonation
unit avoids re-growh of biological material. It is

especially preferred, to feed excess ozone in the
the s58KaJEi BRSERVPIte FRE shéPagErPesSer vbIF. 9RF FhEcam may be

fed %H?HH&hOB gzaneri$:BQL SUELI 6 89 ceRedl EAE SOBPAS! EBAtami-

may bé made between the storage reservoir and an ozone
natigenefatbe. shrrpsnflinghepfpkbtederwdceowiEhpeaonzone

contained in the gas phase in the storage reservoir

froma gas streamexiting fronthe storage reservoir

For this purpose, the gas streamnay be fed through a
Prefyeablyi | tae. 15gqahdaiki Fear edryagh auei dsleemtiag unit at the

nation_of the surroundi ngs of the device with ozone.
consppgfefaBliyratfe ffqlifd P§ePe§OPHﬁoEBﬁttﬁ¥ PPFPgrPnﬁonStant

flowUPhtedl bEBE ¢ONELEREh! PWsHRLS: mbhl BaSaBReRyEQuUNd that
by using a constant flow rate, bedt filtration results

may be achi eved. According to the present invention,
the liquid may be moved in different paths. In a first

erating de, the I| UId be. noved fromth
accofBThG: HOnclR: Preb fhc BYbHuTRY S et ol Be moved 4n

difftransf eatha.puApa preker apkyasdipynpotieedihg theulidguag be
at a con stant flowrate, may be used. In a second
move@pé?@?l BenﬁagnaFﬁgnlPa&#dtPstE?rEEPéﬁga Fﬁ?@ﬁﬁﬁlfheFor this

tranEEEEerbnguHB'tp?¥fé§bg19ugppuhﬁ @e%ﬁhﬁ% Qﬁgrﬁﬁhﬂgd at a con-
de/ the ITquid may be”di spensed e same punp

stanChélaWdrahe,saﬂE banpsedy ba aSSGCbud dpéteteng mode, the

. rposes_if . appropriate. valves.and pipes are, used
viquPd’ P8 ERertnERer PhethEno fbtat s ERe eBor gt Pagrigi pume- T
a thhik@UbBerating mode, the liquid may be dispensed by the same
pump. One and the same pump may be used for different purposes

if appropriate valves and pipes are used.

It is further preferred to ozonate the storage reservoir liquid

either during or immediately prior to re-circulation. Ozone dis-
solved in the liquid is moved through the filtration unit and/or
other components of the re-circulation means. Re-growth of bac-

teria in the components of the re-circulation means such as

valves, pipes or filtration units is thereby prevented.

According to the present invention, it is further preferred to
treat the raw water by oxidising pollutants in the liquid during
ozonation and to remove the oxidised pollutants in the filtra-
tion unit. It has been found that known filtration units utili-
zating activated alumina show an improved removal efficiency for

inorganic pollutants such as arsenides if the raw water has been



either during or inmediately prior to re-circulation.
Ozone dis solved in the liquid is noved through the

wo pdobo0sa8k®dN unit and/ or ot her conponents of t hBCT/EP2006/050768
re-circulation means . Re-growth of bac teria in the
conponents of the re-circulation nmeans such as val ves,
pipes or filtration units is thereby prevented

According to the Eresent i nvention is further
previpapéyr depbetly Watht REOPaw Haiée EbléxFémgvﬁé principle as

suchPRhLUEBRESgkRakhe anahga?eé'ngtoégnéépeeléﬂﬁ tBreferred in

renove the oxidised pol anfs in the [tra |on
contanttw1th hhs beenefmandlphed kﬁowmrﬁuﬂatapnonaanths removal
i zati ng?actlvated alu ? ?hOMI [ ove
I

|
ereifspned ot o Aet L iBheS AL UL 98l B 2E L EMRY Bun re-

storkf sbhe bawcwat ebshasribeenpheyi eashyihr eakedgWet Pass.
ozone. Wile this renmoval principle as such has
consi der abl e advantages, it is especially preferred in
context with the above nentioned re-circul ation, as

AccoEB§n§e€8V§|fﬁE%h%keB§¥fb§rgacEﬁﬁ%@gméktaoﬁkkﬁe pre@@gt in-
re-circulation can re store sone of the |o

ventéphj cktbacygppeentiip éusthgkelpaésdeAcaomdcmgptocassor with

further preferred_enbodi resent in
20prGREi AR, SPRGAbRaP AL PUF PN 2 FRC ElReggVeintioned pre-
ferrBUCERPHAERSHOE Wht Bnappropbirat efrsehbwabe1pioggasbbeational
pl ace the above-nentioned pre ferred enbodi nents in
modegpe or nore of the foll owi ng operational nodes : A .
Reaction & Storage Mbde: - Raw water is treated in the
A. rBﬁéCté@nférshopﬁe@eﬂédﬁinedReYoNétﬁreaﬁnﬁﬁ@atﬁﬁeln the reac-

éngore gg%§egﬁg988 Egggéggrég?P Ltg&mgr gkkggr%hlch it

€ reservorr I'c resérvorr
ozenphmped&thecyghethwafentEB bhefiesersvahd ksogedefn the
an ozone treatnent for a predeternmned tinme (reservoir
t FEAERERETti ne) while recycling the water from

B. Periodic reservoir ozonation & recycle: Water in the reser-
volr i1s given an ozone treatment for a predetermined time
(reservoir treatment time) while recycling the water from
the reservoir through the filters and back to the reservoir.
The program further allows the user to set both the number
of times this treatment is given to the reservoir, and the

specific times between treatments.

C. Stagnation Period Ozonation Treatment: If the purifier is
not used for a predetermined time, the program automatically
ozonates any water in both the reaction chamber and the res-
ervoir for a predetermined time and after predetermined

stagnation periods.



the reservoir through the filters and back to the
reservoir. The program further allows the user to set
W oioh/0848¢0 nunber of tinmes this treatnent i s gi RENEPHO6/050768
the reservoir, and the specific tinmes between
treatments. C . Stagnation Period Ozonation Treatnent:
If the purifier is not used for a predeterm ned tine,
rogram autonmatically ozonates any water in_both

the p y wat .
RefergacpedetiloRO¥hRAHBAIGNEOL hBer 85281 PEFr WhaFhglllustrate, by
way BECdebabibnsditi me gpdralten BhedgifEALNSd $hadRakseAL in-

periods . Reference wll now be nade to the draw ngs
ventphheh illustrate, by way of exanple only, a preferred

enbodi nent of the present in vention : Figure 1 is a

diagrammatic illustration of the princi ple of the

present invention, Figure 2 is a schematic
Figukepresent ati on ofs aa dévageamet LOr Ui hgs t Bat hen psLseid princi-

i nvention and Figures 3a to 3d different operating

nodes of the patkeht ?h VemtPERSeRF gt eentse¢henati cal |y

shows the elenents of a device 1 for pu rifying water

according to the invention. Raw water WI is provided

by a water source 10. Particul ates and col | oi da
Figuirgokgani ¢ matt eris rathehennt pot edpecsourzeiomtef avdevice ac-

are first pre-filtered by apresfiller A0, 08, ong

pre-filter 16 conprlsé% a Iayerpo rom ial -1 Am i TF of

i berglass followed by an activated carbon bl ock to

substantially renmove any di ssol ved or coll oi da

, organic m erial._Aﬁart fromaesthetically treatin )
Flguifﬁg wat &P WAt olte t PR E 09 Bt nigP € HeAtent in-
concentration of,Q5@ephC material present, |ess ozone

will be required in the

Figure 1 schematically shows the elements of a device 1 for pu-

rifying water according to the invention.

Raw water W1l is provided by a water source 10. Particulates and
colloidal inorganic matter in the non-potable source water W1
are first pre-filtered by a pre-filter 16. The pre-filter 16
comprises a layer of nominal 1lum microfiberglass followed by an
activated carbon block to substantially remove any dissolved or
colloidal organic material. Apart from aesthetically treating
the water W1l to remove turbidity, by reducing the concentration
of organic material present, less ozone will be required in the

next stage.

This pretreated water W2 is led into an ozonation arrangement 8
with an ozone generator 32 and an ozonation reaction chamber 18

(see. Figure 2) to sanitize the pretreated water in the ozona-



next stage. This pretreated water W2 is led into an
ozonation arrangenent 8 with an ozone generator 32 and
W@eooepgasat i on reacti on chanmber 18 (see. Fi gur ePRI/EP1006/050768
sanitize the pretreated waterg in the ozonation unit 8
As(l11+) arsenite is thereby oxidised to the As(V+)
arsenate form The ozonation is carried out batch-w se

. for sone fixed period degending on the production
tlonc&ﬁé&i?y Bf (Lhé*dzBRECHERBr aPoFCEREYeSKIARFBE 620RhBE AS (VH)

arseH§TBNGorgNdrhBe chnEoBReRLT BLEPAY SLEBLAEEAULEEE E8r some

cause a desired reduction of anmount of pol |utants.
fixefopediisdnflepehndangupposbs phatuptébnt heptSEPRK Gfi tbe ozone

St andar this.is a4 |log reducti.on_of sts, & .
genePpPtas thand 5 g R PeaaatPof CUr "acear Shei b, (Goaggntration
x Tifk) 1@&qheacti 68) caudBYae¥c6es8df eEHQUSi6h BENGABAHS of pol-

ion in the water will also be oxidized to the ferric
lutagtspafganfésinaeetlandPPrePATSES| FBREaMepar thel BSEPE| frede

Stanagga?lﬁhwgtgg 534iTogh§eBHcE?BEeo@fc9é§55& @gEEEQ 9r nd 7
man ganic ions are véry insoluble in"thrs range o? pﬁ
log amduptéonpbft hhetasithdiirehydr dRf des,10h reee tfiamm .ofAny ex-

call oi dal particles. The ozonated retreated water W3, .
cess; SoFRBRepARpBANAR A G0RCP AR TPOW/PAEE Fibi CREC Do oxidized
to tREORakir9R beamhheAntBRi Et8tkhr aHahrarseeendos@h10barticles.

m crof iberglass and activated carbon block filters 56

SincehpptpbhBvEatAy 61 Loi BAF BXi gesvcand 6r8séyvé@rric or man-
ganiﬁgggﬁgca l@e%%'?ﬁso?éb%@!gnaﬁhﬁgyrgﬁggag% #ﬁnaﬂﬁlﬁ?ecipi—

ave forne rom broni de ions present. isSTsS
tatef akl ohedrbyiydroadticgat &d ahanfnamcarft cod@eiB81t patticles.
renoves at |east 80%of the As (V+) or the flu oride
in a single pass at a constant flow rate. The purified
wa ter W4 is then stored in a purified water storage

The b8s8EY¥EH| H8etTBatEASREYEKI WBYRPECRhEY PBX¥pBAVEtaa constant
volume for 40 litres of purified water
flow rate from the ozonation reaction unit 8 through a second
set of microfiberglass and activated carbon block filters 56
that remove any colloidal oxides, and dissolved organic mole-
cules, as well as any bromate ion which may have formed from
bromide ions present. This is followed by an activated alumina
cartridge 58 that removes at least 80% of the As(V+) or the flu-
oride in a single pass at a constant flow rate. The purified wa-
ter W4 is then stored in a purified water storage reservoir 48.

The reservolir typically may have a volume for 40 litres of

purified water.

The purified water storage reservoir 48 and the hydraulic lines
for dispense of pure water are maintained in a near sterile con-
dition by periodically bubbling ozone 03 into the reservoir 48
for short periods of time and re-circulating water W4 from the

storage reservoir 48 through the microfiberglass and activated



The purified water storage reservoir 48 and the

hydraulic lines for dispense of pure water are
woreooapggsmed in a near sterile con dition by  PCI/EP2006/050768

periodi cally bubbling ozone 33 into the reservoir 48

for short periods of tinme and re-circulating water W4

fromthe storage reservoir 48 through the nicrof

i bergl ass and activatedcarbon filters 56 and t
carbgpt fVat8gsaPinfRd EB?UﬁﬁtSSatﬁﬁda%ﬁ@RnFoCPﬁém§té?agénd back

to thESEE¥QLE48c5Ehg kG- ghrcul ation flow rate is set
depending on the efficiency of the activated al um na

colum 58, and the estimted nunber of passes required
to reduce the concentration of either the As (V+) or
The trhecfikoolprdéonoflpw theesﬂsrage dependohg 48 tbeacefficiency

tra.t | |, bl t ds. Thi
of <88 Akt e BEIRACTBR L he PYeHnasBRoUhE. oF ARt Lo BTber of
passakuprtgaimedi 8o tBaudeamBtetoandnkengt bnobrt Bethekt ehe As (V+)

and the volune of the storage reservoir. Thus, it is
or thesfluasifg depeihi hbd Eyoéigérrﬁﬁﬁfﬁplfrﬂﬁltané gpncentra-

tlonr851£95bﬁgeb§p€ﬁbf Sgd E%th?%ﬁg"ﬁﬁlgz89€1hQE8 Hggends on

reservolr is-perro |ca ly carrie no wat
the tiyppensddafhonna pfedetéwvatnddapemiod oediapethe. glameter and
ozonati on end on th

four hours_. _The ti 0 Wl de
leng&hy ghgthe oflﬁﬁ8rozégg 5EﬁeV8 BPeafd Fh% EFEFcreserVOlr

ThusvohﬂnﬁSOROEBeeé§§§gV@bEerﬁ@he@XBQDEQpekﬂmggtE&tE@lal and er-
reservoir, and wwth a | g/hour ozone generator

ror §esn&hPoAPEFifhe WHEEEMW 4 in the stor age reservoir
48 is typically carried out for 10 m nutes.
Re-circulation is also carried out initially until the

Bunn§ YEA0L AR nERNERNt LALEONSLD. oo RN URLER 1028080 0a out 15

€ maxi nmum a Iomab
no weeeeetsratispanskt fsrabspradtiganededupengoteser vome, e.g.
Qzonation perjods. later. on in Qrder ,to prevent

for hPEFoBPBrEgi LaF Fém§r8ﬁtHZPHaFﬁenhvaFéuﬁ?EeggsPEanﬁch

stref§thNokh€he ozone generator and the specific volume of the
reservoir. For example, in 20 litre reservoir, and with a
lg/hour ozone generator, ozonation of the water W4 in the stor-

age reservoir 48 is typically carried out for 10 minutes.

Re-circulation is also carried out initially until the contami-
nant concentration in the raw water has been reduced to the
maximum allowable pollutant concentration. It is also activated
during reservoir ozonation periods later on in order to prevent
microbiological re-growth in the hydraulic system such as in the
carbon and activated alumina filters, in piping, valves or in

the storage reservoir 48.

An apparatus suitable for carrying out the above-mentioned
method is shown schematically in Figure 2, except for the micro

controller with its accompanying software, and electronic cir-



carbon and activated alumna filters, in piping,
valves or in the storage reservoir 48. An apparatus

WG obakdseo f or carryi ng out the above- menti onedP@EEPINNG/050768
is showmn schematically in Figure 2 , except for the
mcro controller with its acconpanying software, and
el ectronic circuits that control the operation of the
various elements, It is to be understood in the

cuitgesBrfpFPBhTRhi ERSf BPPEASIOPNAE FBFera&nEBE PASEERLSrsIt is
to bBCLhYALLRGoYUAR hOUR.ORELAL: ¥ 1 BheWRALS #8138wY] achle refer-

nm croprocessor program The untreated water source,
enceshbensans®@s astiévaheéopetardoascopnestanvef edbameate do so via
the ggng 12 %hggh isrhégraulical!y connected in se ries to
s6PBRBrE°Varve 24 afld prefilter cartridge 16.
Prefilter 16 consists of an activated carbon bl ock
filter, with a nom nal pore size of 0.5 mcron (KX

The hLAdwehEte@SwallSp) sowkappednvivhhall ¢0of iEbebghagsetii kbeh con-
material of nomnal 1 mcron gore size. This filter is
stanpr §PyesaEprt REBFPWLENIR1ghdi§pa¥dbRrBLpFastycCRBASFRgIoAn Se-

. cas. a_r I Lt hthi.n r I
riooptpty; SRIBHEI FburLt BBRaAt Bk lpRrpanderde. prorn
ter ébenmensistheofursp a2tisatygpi cakbgnopépakedidte?; 1wikh. a

Prefilter 16 is_hydraulically_connected.through a raw
nomipalcPOsENETEY 05 HnooBoREPPolKEnaRaEs C1aCSr nhotyn Heapped

with'th%éfiﬁEgﬁabggnf@@@gkbﬁété§i59nb§iHémanahnhnﬂﬂb%@hebore
~ level switch 20, which activates punp 12 and opens _
sizeyallpési4ihhenedér pravidatderitbes| wishpal awdifAeosabiehplastic

housﬁgéggﬁr: BT &f E%%%S% BaLet; Ye EhSEeﬁQ[n%f %i%ﬁ?ﬁagi QPandard
Fedc ti 6n chamber I8 until it rises to operate a
filteexhousihgvebhmswekchUu22) .ardion 00é&r fhiovwegwel ehe28, the pump

which turn off the pungblz ?nd cl ose valve 14. The
12 185,6¥BEFBA LY eqREFBReENEADET L1B R ypi cal |y may have a
vol une

Prefilter 16 is hydraulically connected through a raw water pipe
17 to an ozonation chamber 18, through a 1id 28. Ozonation cham-
ber 18 contains a minimum water level switch 20, which activates
pump 12 and opens valve 14 whenever the water level is below the
switch height. Prefiltered water W2 then enters ozonation reac-
tion chamber 18 until it rises to operate a maximum level switch
22, and/or overflow switch 23, which turn off the pump 12 and

close valve 14.

The ozonation reaction chamber 18 typically may have a volume
for 4-8 litres of raw water, depending on the ozone generator
strength, physical restraints on the design and size of the pu-
rifier, and method of injecting the ozone/air mixture into the
water in the reaction chamber. It is designed for efficient op-
eration by having a cylindrical shape, with a minimum ratio of

height to diameter of 7:1, and preferably 10:1 or more.



for 4-8 litres of raw water, depending on the ozone
generator strength, physical restraints on the design
waewessmer of the pu rifier, and nethod of i nj eRCT/RERDEIES0768
ozone/air mxture into the water in the reaction
chanber. It is designed for efficient op eration by
having a cylindrical shape, with a mnimumrati o of
hei ght to dianeter of 7:1, and preferably 10:1 or
nore. At the bottom 19 of ozonation reaction chanber 18
there are nmeans 26 for introducing an ozone / air
At thexbateomnlPheff epanatipnnecpabbPaschampsrnh§ bBexe are
oKQU n e
mean g8 b P eAacaR6 gh, 8b88E ZoRs FRrSloR sk chBCrom of
fineobobhiieen Phpe 28yt beozopatbon sekemdcdsvaheeod0otlihe means

ozonation. pi pe, 29 _i nt egral | al.ed in passin
as kpﬂwauéﬂ FPg gét Aﬁugygﬁggdgﬁﬁgé ggppﬁecgﬁngcted %hrough an

ozonB¥dhaubigal by eanpeshst9ganabienoyal v8138 B80.aMheZERABnation
generator 32 . After activation of the maxi num | evel

pipesdPt éA 2ntegramdyi eaasetendi Hagaline 8Drpygbpéndd28. An ozone

dellgég epggge % gd?%uiic%i%gvgggggggg ggogégggéabglve 80 to an

roug ans et erm ne
ozonpegeadratyplealnyﬁer d2tivatfion afv@héﬂﬁa&ﬁmhhelevel switch
ozonation reaction chanber 18 of four litres, a
22, ﬁéP@ﬁFlPB aPiRBPeF Valve of #s. OE?P?QnsPéP“@oE@H%Fator 32 1is

activak¥a 344 §AnNBechedate hidtd8e bﬁbﬁﬂgglEﬁﬂgﬁgﬁlﬁeans 26 for
opened to all ow excess air and ozone to exit from

a pr@zdﬁaermmnedaper@ndehampecalsy Exceéé aminagfidroaoMelume of
fron1 zonatlon [ eaction chagg r are I d throu
d ?ra st g

the PFSREFAON F%ﬁgﬁanvg amb rss 4glgﬂ a height

to dﬁbm@ugh 2at&8ebYOirs, AldréﬁsfekoSbm@nbeadsaae@ 8%, connected
treated water storage reservoir 48. This gas is vented
to 1ig 4BnpdphéiBulhrBEGHSAYgPRABCHated244PIVERERSEarbENaNd

0zonkGEG) ek b %kbh96z8ﬁék£bﬂ9§e§9tléhréﬂgﬁggknlbhe

reservoir lid . Granul ated act1 vat ed lter
cartridge 50 may be, for exanple of the type sold by
Ametek Ltd for the

Excess air and ozone from ozonation reaction chamber 18 are led
through transfer solenoid valve 34 and transfer pipe 45 through
a reservoir 1lid 46 into the headspace of treated water storage
reservoir 48. This gas is vented to atmosphere through a granu-
lated activated carbon (GAC) air filter cartridge 50, arranged
in the reservoir 1lid 46. Granulated activated filter cartridge
50 may be, for example of the type sold by Ametek Ltd for the

purpose of air purification.

The ozone generator 32 has an air pump 36, connected in series

to a cooling element 38 followed by an air-drying column 40, an
air flow switch 42 and a corona discharge tube and power supply
44. The cooling element 38 is a thermoelectrically cooled metal
block containing a tortuous flow path for air, whose purpose is

to remove excess humidity from ambient air and reduce the air



purpose of air purification. The ozone generator 32

has an air punp 36, connected in series to a cooling
we@b@aesus4B8 fol | owed by an air-drying col unm 4BCT/BP2086/050768

flow switch 42 and a corona 1§ scharge tube and power

supply 44. The cooling elenent 38 is a

thernoel ectrically cooled netal block containing a

tortuous flow path for _air, whose purpose_is to renove
temp@%é§§§ehﬁﬁléPPyoﬁﬂﬂﬁFﬁﬁﬁléﬁtcalFhﬁnBaFéaéééYtHéled cooled

air ﬂhfESEE%EaBH&edE9lﬁBPEeihﬂﬁt@by 1 0f 1sT@§l@@HtW§£hya hy-

dried, cooled air enters air-drying columm 40,
grosghpdéh msdﬁalBethﬁshZQOhyeQréécmpﬂecnédrassauhsasor silica

eochem,4A Iecu ar sieves, or silpc bead
gel RESGRTTIAG FPomtebh im0t ThrBer b Rod huRRaP Ly vEr humidity

of nBOmHEéethaansé%aataatbmﬁaeaahuéeo@f22©c AAhhmmudtyyand air
and air tenperature sensor 43 inputs data on each of
tempeRaSurgaFraRerEr 43t dnPHESafBFantRt PBABACKI ERESe parameters to

the g@BEéﬂEh Eonba thrSVSBBthﬁﬁeEheIﬂeﬁﬁeué99n¥a£HS§ the meas-

evi ate ron1pre etermned values, the mcro con
uredt vallhep daduaaEeﬁramspséd&téamhhedndadusabIese micro con-

reat, f water in the onat.i cti r
erol )R TREFAGCEI T SAEF s CRBNS d40anaS000RAr FEREVAFQE OF water
in t86. oZBHatishr eadytt paatBEmpakebyl BhtiheihgSer¥obbwdd supply
may be di spensed for a period o? time until the ozone

44 agdneranstigpuvalye B@qu?héé f 8l regdnatreatef wager in the
ot
rese%@ggrvgbrméglr 4§EMB nghn%orn g?lg?eggegﬁﬁeoﬁn%@%eEhe

romreserv al so be disa the en
ozonefgéherpterdebeﬂﬂlbedreqomaédoﬁopebkodatﬁbe pifctbe reservoir
controll er .opens an ozonated water. transfer valve 5

- {thi ER1PsPRYBFatli EAMPy CORREBPEAChel'REER ﬁ@mbB?FSHV?ér 48

Woulgfagggngglgﬂsgggguber 18 and a constant flow rate punp
54. Activation of punp 54 and opening a reservoir

entry valve 60 transfers the water WB fromthe
ozonation chanber 18 at a constant flow rate through

At the end of the pre-determined ozonation period, the micro
controller opens an ozonated water transfer valve 52, which is
hydraulically connected between the bottom 19 of ozonation cham-
ber 18 and a constant flow rate pump 54. Activation of pump 54
and opening a reservoir entry valve 60 transfers the water W3
from the ozonation chamber 18 at a constant flow rate through
activated carbon filter 56 and activated alumina filter 58. Pu-
rified water W4 is transferred through reservoir entry pipe 61
and reservolir 1lid 46 into treated water reservoir 48. The maxi-
mum value of the flow rate of pump 54 is determined by the maxi-
mum flow rate allowable to achieve the predetermined levels of
reduction of dissolved organic material by filter 56 and reduc-
tion of inorganic ions (arsenic or fluoride) by filter 58. The
flow rate is typically 1 litre/minute for 10”7 filter cartridge

elements.



activated carbon filter 56 and activated al um na
filter 58. Pu rified water W4 is transferred through

WO e®enssild entry pipe 61 and reservoir |id 46 PEIL/BP2006/050768
treated water reservoir 48. {lhe maxi nmum val ue of the
flowrate of punp 54 is determ ned by the maxi nmum
fIOM/rate al l owabl e to achieve the predeternined

evel s of reduction of dissolved organic nmateria
The ﬁFﬂFéF 86 éﬁdlﬁ@&ﬁécﬁﬂoﬁnoFoPﬁBFﬁﬁﬁﬂenlBﬁstéF§énﬂé ge-

scrlgbaoébggleQV &hbt95t§§atgaeaﬁhﬂﬂhéak§ltért5@'EglExmﬁrlsed of

[itre/mnute for filter cartridge el enents
a COﬂumnepfsactsvadedtaéamlnn wedsey uvhiioh hQSfbbeera¢61deted

bed e ier e_actjivated _al um er 58
priodo i FSeqByr SR EaF ATof N El J5EEaP A lnPnd0nBdacoTution of
alummhugﬁ Basphees @eki ¥apedipHi 6F 1LOhUse. byh@@ngamhtmgn is then
the filter wwth a 29 g/L solution of al um nium
flus@@ﬂpﬁ&?eoﬁthﬁ pélted vith RBGE. "IRPE BSLQEI 6A iBStRéAation

and LEHSQ tHHtaBE ggﬁugk!&ﬁéhéhgglegﬁedWQEﬁﬁleﬁ oBftgctlvated

nsta [ at1 on use int ppar at us e physi cal
alumdnﬂeﬁsﬂbas o8 acE|datedtadubynahé|Eﬂew p8rametdiret afetthe re-

he flow pa rs f the re circulation |00 th
cireflabifnc btehe AR B 8rdarbafeatentiplioor| A8SPREhar T 1uo-
rldeSQHrGﬁemﬁbﬁkceaﬂgtbﬂf Eﬁaakhéokéﬁﬁlo§om@h§rOEOWBEer to be
treated, e. Elca ly, it may be a cylindrica

treaggflyr Pdge boRACDALE) afbt BRYaRE 800k NATIEAt Rartridge 60mm
in dIgﬁgEgg ﬁgveFogkgrgﬁe %gag5v0|r 48 is provided with a

m ni mum SWtc maxi num | evel switch 72 and
an overflow switch 74. An air/ozone bubbl er el enent
62, arranged in the res ervoir is connected by

eservoir ozonati on 63 through lid 4
Treal§oboarr ShoRatPaReoarye st afopriifsd WOth a minimum

levehydiaubhcabl yacnpremthad1toc0zonetdrl Tyeaydaphpeodd randy
thereby to ozone genera tor 32. At predetermn ned

switghr 78dsAneagr/paagnehbubbilareptamsnt pRe arranged in the res-

ervoir is connected by reservolr ozonation pipe 63 through 1lid

46 to a reservoir ozonation valve 64. Valve 64 is hydraulically
connected to ozone delivery pipe 31 and thereby to ozone genera-
tor 32. At predetermined periods, e.g. four hour intervals , the
micro controller activates the ozone generator 32 and reservoir
ozonation valve 64, thereby bubbling the ozone/air mixture into

treated water reservoir 48.

A reservoir exit pipe 66 extends through 1id 46 closing the
treated water reservoir 48, to allow water to be withdrawn from
reservoir 48. The reservoir exit pipe 66 is hydraulically con-
nected via a reservoir exit valve 68 and a pipe 69 to the intake
of pump 54. Dispense of treated water at spout 78 is made
through dispense valve 76 and dispense pipe 75, which is con-
nected to the exit of pump 54. When the user manually instructs
the micro controller to dispense purified water such as by de-

pressing a button on the purifier, reservoir exit wvalves 68 and



mcro controller activates the ozone generator 32 and
reservoir ozonation valve 64, thereby bubbling the
Wo@2@nes®ie nm xture into treated water reservoi PCHBP20A6/050768
reservoir exit pipe 66 extengs through Iid 46 closing
the treated water reservoir 48, to allow water to be
W thdrawn fromreservoir 48. The reservoir exit pipe
. 66 is hydraulically con nected via a reservoir exit
dlsP@éﬁ?eVvaﬁna6a35?pép696?0 the PHRBRke4ofsparpigated, and wa-
ter WeSRENSEspEntbaakedsyBLEr 78t spout 78 is made through
di spense valve 76 and di spense pipe 75, which is con
nected to the exit of punp 54 . When the user manual ly
instructs the mcro controller to dispense purified
To aphtievesuehyadiby dé préssi igom bbet omsenvohe Afrchrengh fil-

reservai exit valves 68 anddi spense valve_76 are .,
versg SRoTHY Bag Bhanakd S ud el D AR T eR e Tker af o paspense
valvéi spenspdiat c3pedl.78esd@vachi everyeoyelengoobnwatkekervoir
_fromthe reservoir 48 through fil ters 56 and 58, _
exitoyghHeedSwakBf PHBRRsPAr aygl vetsyahfd, dRBPensEreared vater is

in.c ReS@RVO| r .60 r vehr
rerag o D e oL a Tl e ROy Lo tB i gy PIBE BT The
timer €ébreahéd wateircslaetionnegcie despredered4fBiihhdobghthe value

Eesepvoi[ entrg igil61. The time for this
set 1B EPPcBi&EPoR EEE FS-predeterm ned by the val ue set

in the mcro-controller. Ozonation in the storage

reservoir and re-circulation is usually made in

parallel. Figures 3a to 3e schematically show .
Ozongtiper éht tBpeFAPIrBACNBAEST VPATT PROr 6381 T pRERILPRr 8 usually

mademgheéayglgglgzonated_in ozonation_re action chanber
18. For thi's, ozonation valve 30 is open and air punp

36 is operating. Ozone generated by the ozone
generator 32 is fed through ozone delivery pipe 31 and

Figugégn§glgg nggc%gmggggally show different operation modes.

In figure 3a, prefiltered water W2 is ozonated in ozonation re-
action chamber 18. For this, ozonation valve 30 i1s open and air
pump 36 is operating. Ozone generated by the ozone generator 32
is fed through ozone delivery pipe 31 and ozonation pipe 29 into
the ozonation reaction chamber 18. Figure 3a shows the first
ozonation batch. Ozone transfer valve 34 is open. All other
valves are closed. As this is the initial batch, no water is

contained in the storage reservoir 48.

Figure 3b shows transfer of ozone treated water W3 to the stor-
age reservoir 48 in Mode M1. Ozonated water transfer valve 52
and reservoir entry valve 60 are open and the pump 54 is operat-

ing. All other wvalves are closed.



the ozonation reaction chanber 18. Figure 3a shows the
first ozonation batch. Ozone transfer valve 34 is
wo@p@n/089kd ot her val ves are closed. A s this iBCT/RR2006/050768
initial batch, no water is contained in the storage
reservoir 48. Figure 3b shows transfer of ozone
treated water WB to the stor age reservoir 48 in Mde
. M. _Ozonated water transfer valve 52 and reservoir )
Flguéﬁt?? vaPve GG°5P§roﬁ@ﬁréﬁanﬂhﬁoﬂﬁnﬁ254IPStBbérQPeFﬁﬁlng
modeAIkh@tBgﬁpY@kgeéoﬁEgnEEO§§dtﬁbgHESngﬁlgho?@aéﬁggheﬁhamber 18
operating node M2 . this operating node, th
havecbﬁpheteaoeﬁeemeg @b the sZomaermeseaUDnon46haﬁbeprm8r to

ve been,trapnsferred,tot sto e, reser 4
acniBBe roBE b ER e e 85 PReot AL AT  shEBREtokhe, Ba1tlrs 56
and bBrougbnthedf whterstbénafdr58aloeonat ed wabeedt kaaskekervoir

valve 52 is closed and reservoir exit valve 68 and
exity gaéveolp éﬁﬁr§e§QFV@lBOeaFéYoﬁéﬁvePéﬁpaSQ pgen. Pump 54 is

operé??hgtEBShSHﬁQttaékigﬁﬁﬁrrbﬁ ?cﬁhé%éhakfgmeHE’EESrage res-

ge res ervolr rough a re-circulation
ervoﬁncHadthgougheavoercexchlptpenGﬁiaBdineiedwogrreaéry01r exit

.__pi.pe as wel | e 69. In. this operating node, .
pivelpp aRfler SonrVaL Bt obale Pl P8 “Ridwasy PIpRogSh &n this
operh@ifgonate, i B1pabahkel vhawewahee @QBEédne@tlﬂs, however,

ozonati on reactlon chanmber 18 in a simlar way as

possshé@ntpnOﬁpgaﬁ@ 3a. parg&ﬂ@lséaghuaéeancanteﬁﬁaﬂ@vé ozonation
reacE%P Eggh gomgoggrgtggglﬂgge QE gﬁS&MOEE %%ghre 3a.

reservoir entry valfve °60 are opened and
punp 54 is operating such that water can circulate. A
S conpared to figure 3c, in addition, reservoir ozone

er alve 64.is open such that _ozone enters,the
Figugg, e B PHSerTon] THAN S B SR e Fi R OU L BFLo5! CRGTE R LA, Bpde

M2’ .caBkaikedri Bkt hevatl orage haaEH¥OEkvASraBdLW| alhocf 80 are
through the re-circulation line in cluding reservoir

opengdj gngi pEmB6 4r é5ePPBIrAtéRpt suahvehas, waipe can circulate.

As compared to figure 3c, in addition, reservoir ozone delivery
valve 64 is open such that ozone enters the storage reservoir
48. Ozone will be dissolved in water contained in the storage
reservoir 48 and will be fed through the re-circulation line in-
cluding reservoir exit pipe 66, reservoir exit valve 68, pipe
69, pump 54, filters 56 and 58 as well as reservoir entry valve
60 and reservoir entry pipe 61. A new batch of raw water could

be ozonated in parallel.

Figure 3e shows dispensing of purified water W5 in another oper-
ating mode M3. A new batch of raw water could be ozonated paral-

lel.



69, punp 54, filters 56 and 58 as well as reservoir
entry valve 60 and reservoir entry pipe 61. A new
wh2do6/08wfi0 r aw wat er coul d be ozonated in par al PEI/EP2006/050768
Fi gure 3e shows dispensing off purified water Wb in
anot her oper ating node M3 . A new batch of raw water
coul d be ozonated paral lel.Clains 1 . A device (1)
for purifying a liquid, in particular, water (W),
ClaiiBat is contami nated with m crobiol ogi cal and/or netal
ions that can be oxidized to a higher oxidation state,
comprising at | east one ozonation unit (8) for
treatment of said quuid (W) with ozone (0) and a

1. RhMébﬁéb|¥1feEBEa£Srlk %eg higuid, 559r99§t58§§5¥?'%ater

(48) hydrauli cal con ed to 'said ozohation uni
(8)), whetein thatdmvnaéele1tB piovpdédlegihal and/or metal

' e- ti 4, 6 t

SEnE BoBhaCeRoaroatiahird Pous TiehtepRitpbrpastale, con-
peseimMgi bt (#8xsthpaygbzankeichr gHiatiien kbpet¢688tmBAt of said
61) and wherein said re-circulation line (66, 69, 61)

Lsapigviiéd With azonead®) opddfiltration unit (58, 56)
2 . Adevice (1), preferably according to claim1
anPhya@caééytsepér@zenatreﬁtadlﬂlgs}dfatoraqatneﬁervblr (48)
a,.sLora

hgggéglg %ﬁ%ﬁ&?ngég ed(gg ggggm%%gn?eaoplquﬁa (éﬁ)

Servol r or storing sal rea

rein d .devi ce ro
HAFPOR BBondCThtosAtll AP qRPAYL WA 1 Rard Gloragetion means
Resergwyr60ﬂ8foaneéoelkau@at@nglg@yhabk@ﬂeltaeaeéﬁ liquid
69, 61) . A device to one of the clainms 1 or 2 ,

WHE) ef Fom Béiﬂ stosagd reservedralfBh thAeugBea 69~
81)LoLPBoR PRLEL ke BYIrgyligng

wherein said re-circulation line (66, 69, 61) is provided

with at least one filtration unit (58, 56).

2. A device (1), preferably according to claim 1, with at least
one ozonation unit (8) for treatment of liquid (Wl) with
ozone (0O) and with a storage reservoir (48) for storing said
treated liquid (W4), wherein said device (1) is provided with
means (64, 63) for ozonating said liquid (W4) in said storage

reservoir (48) and/or in a re-circulation line (66, 69, 61).

3. A device to one of the claims 1 or 2, wherein a part of said
re-circulation line (66, 69, 61) forms a part of a hydraulic
connection between said ozonation unit (18) and said storage

reservoir (48).

4. A device according to one of the claims 1 to 3, wherein the

device (1) is provided with means (54) for periodically re-



10.

connection between said ozonation unit (18) and said
storage reservoir (48) . 4 . A device according to one

wo@bRoobhgosed ains 1 to 3 , wherein the device (1)PCBHEP2006/050768

provi ded with neans (54) foroperiodically

recirculating said liquid through said re-circul ation

line (66, 69, 61) . 5 . A device according to one of

the clains 1 to 4., wherein the device (1) is_provid

ﬁﬂfﬁubéﬁﬁn%naaégn@FSPlﬁe5H§oFSZ)Sﬁéﬁ Fe-etreulating 1lne (66,

g3l dghiquid (W) until the anpunt of pollut ants to be

removed fromthe liquid (W) by said filtration unit

(56, 58) is below a pre-determ nable level. 6 . A

devi ce according to one of the clains 1 to 5 , mherein

ghgev1cérgglgndynltt ?%el agﬁgtggalgr iegg %Rerein the
rsenic con1poun8§ andror uor rde evi ce

aéemedlmg tmsopeooﬁdéhewﬁtalpam@ hﬁd6conuhenemaahhe(54 for

filtration unit (58) _is an actlvated alumna filte 8

reA?HéGPéétéBEOFaﬁﬁglﬁaubﬁe(Wﬁ tHBtelalFhe gmepny Of pollut-

whesep EQeréﬁoGé&CEkéﬁ'Qﬂe|lﬂau£§6éwﬁ9 b91£aha filtration
provided with a further filtration device

anianged, up8ir éanbelowabdrfetteberonnahile @58?1

preferably with an activated carbon filter. 9 . A

devi ce according to one of the clains 1 to 8 , wherein

the ozonation unit (8) is designed for a batch w se
pzasattenaotoadfngntot ynef ofi guedc13@msAldeyi 6 wherein the
according to one of the clains 2 to 9 , wherein said
dévreatienprBiFdéadi LA édéBﬁﬁ@cfPBanQBYaEePﬁeéﬁsﬁﬁlc com=

5gﬂastbga/gpa§pg5rga§g and the storage reservoir
% wherein ex cess ozone in said ozonation chanber

(18) is transferable to said storage reservoir (48)
t hrough said connection (45) .11. A device according

£0d89§08fa%ggr8£§§n§olo£8 %9 ﬁ@erfégmgaidto 6, wherein the

filtration unit (58) is an activated alumina filter.

A device according to one of the claims 6 or 7, wherein the
re-circulation line (66, 69, 61) is provided with a further
filtration device (56) arranged upstream of said filtration

unit (58), preferably with an activated carbon filter.

A device according to one of the claims 1 to 8, wherein the
ozonation unit (8) is designed for a batch wise ozonation of

a quantity of liquid.

A device according to one of the claims 2 to 9, wherein said
device is provided with a connection (45) between an ozona-

tion chamber (18) and the storage reservoir (48), wherein ex-
cess ozone in said ozonation chamber (18) is transferable to

said storage reservoir (48) through said connection (45).



11.

12.

13.

14.

15.

storage reservoir (48) is connected to an ozone
generator (32) by neans of a reservoir ozonation

wa@enegesikon (63) . 12. A device accordi ng to OPEer/BP20061€50768

claims 1 to 11, wherein saidzstorage reservoir (48) is

provided with a vent filter (50) for renoving ozone in

a gas when gas is vented out of said storage reservoir

(48) . 13. A device according to one of the clains 2

to 12, wherein the device (1) is provided with one

ozone generator (32) con nected both to said ozonation

Bhdavéfre(agyoadéngotgapacsebr thgectes®pvdi Eo(48) whexein said
g 0 a

SROFAbECrRECRLT Bl () °TE SbohPgsEuiPhat bhehd ggperater

f(82) f bgdmagnsand &i gesedvbionpgsandtdbzonabhoacthanbér3) .

(18) to said storage reser voir (48), preferably at a

constant flow rate. 15. A device according to claim

14, wherein said punp (54) is hydraulically connected

hodsdi deSkOE8E81 hESEPVOhE H48LhW Ehayakve #BaNS, (RAerein said

68, 52, 76) in such a way that in a first operatlng

ﬁB@éaGWI¥e§9FHOanﬁ4§B4}S|§rﬁﬁa§?@dwﬁéhféeﬁePFqﬁFé er (50)

C48) rLhOU 88l 0207002 Qatbanher G18) sLOSALAaSOLA0e saia

reservolr 8) I'n a seco oper at 9

ptiopa§S4yecbssradapt €d81o re-circulate |iquid (Vﬂ) |n a

re-circulation line (66, 69, 61) and through said

filtration unit (58) andin a third operating node (M)

, said punp is adapted to feed purified liquid (W)

hrasvsakdasteragagr esepmei brt eha dispRBSENPoPiPE (H8Yein the

. 16. A device according to one of the clainms 1 to 15,

dpEieen (LheldeprevidedprisbsoreneEenenBansrebopl 4é4) con-

LQSt98V58€h'anEald ozonation chamber (18) and to said stor-

age reservoir (48).

A device according to one of the claims 1 to 13, wherein the
device (1) is provided with a pump (54) for feeding said lig-
uid from said ozonation chamber (18) to said storage reser-

voir (48), preferably at a constant flow rate.

A device according to claim 14, wherein said pump (54) is hy-
draulically connected to said storage reservoir (48) with

valve means (60, 68, 52, 76) in such a way that

- in a first operating mode (M1l) said pump (54) is adapted
to feed liquid (W3) from said ozonation chamber (18) to

said storage reservoir (48)

- in a second operating mode (M2) said pump (54) is adapted
to re-circulate liquid (W4) in a re-circulation line (66,

69, 61) and through said filtration unit (58) and



| east one of the follow ng operational nodes, wherein
in a reaction and storage node, raw water is treated

WO pooblogosueact or for a pre-determ ned ozone tr eBCTEPL006/050768
time, after which it is punped through the filter or
filters and stored in the reservoir, wherein in a
periodic reservoir ozonation and recycle node, water

in the reservoir is ozone treated for a _pre determ_ned
flnelnmﬁeFEb§dmﬁP%FaFFBﬁ1Wﬁ@erégéfvo??lﬁspP@Pcyél%@apted to

thrOPQthﬁgrifkéSrl§&glga?ﬁL$ofEQﬁ 5§§§r¥96£a?8dreserv01r to

wherein i'h a stagnation period ozonation trea

nodea dhypeaténgi piphe(V8acti on chanber and the

reservoir is ozonated for a pre-determned tinme and

after perdeterm ned stagnation periods if the purifier

is not used for a pre-determned tine. 17. A nethod

16. Rodepucefybograihgqubdonenopathecollaimsaletp tOM wherein the

prising the steps of ozonating the liquid in _an

G%BHS?lSﬁmBﬁFFeFS?O?Féﬁéf@?ﬁPﬁgtPhEléﬁﬁnébédd?VaE?dln at

(Y8t gna éEOEﬁaef6€§8%1M8'6pé%§£lonaﬂeﬁ88¥sfe@ﬁéﬂaln
said |iquid through at least one filtration uUnit (58)

= ey ﬁ'gcy%%gkﬂgﬂsgﬁg EtSPéQefﬁ8ﬁ%Sa£Qw g{gge%% tggated in

reservolr rou are-circuratron I'rne
61) anhd basktodo Sardaspoeageteemenedloz@ﬁe)tthabmghtatlme,
| east _.one fjl tration unit

58) .18 met. hod .
ncootirag thiehatk 9, Bulierd: Phsaran o fiifser or filters

feC'éﬁH'§£89e&f9ﬂ1£h89ré9e£vaﬁr preferably if a
pre-determ ned quantity of purlfled wat er (W5) has not

been,dispeRsed LopeiPaSARLEEP,H8E B2bhQdi8h LhfBrecycle
mode, water in the reservoir is ozone treated for a pre-
determined time, whereby water from the reservoir is re-

cycled through the filter and back to the reservoir and

- wherein in a stagnation period ozonation treatment mode,
any water in the reaction chamber and the reservoir is
ozonated for a pre-determined time and after per-
determined stagnation periods if the purifier is not used

for a pre-determined time.

17. A method for purifying a liquid, in particular water, com-

prising the steps of
- ozonating the liquid in an ozonation unit (8)

- transferring the ozonated liquid (W3) to a storage reser-
voir (48), thereby feeding said liquid through at least

one filtration unit (58)

- re-circulating said liquid from said storage reservoir
(48) through a re-circulation line (66, 69, 61) and back
to said storage reservoir (48) through at least one fil-

tration unit (58).



18.

19.

20.

21.

22.

19. A nmethod according to claim17, wherein said
liquidis recirculated until the anount of pollutants

wo o00besasenoved fromsaid filtration unit (58) PGI/EP2006/050768

reduced bel ow a pre-determ ngble [ evel or wherein said
liquid is re-circulated for a pre determ ned or

pre-determ nable period of tinme. 20. A nethod

according to one of the clainms 17 to 19, wherein the

ozone treated liquid (W) is fed through a pre-f

iltration de vice (56) , preferably through an
Acheihpddaeapbenngi EPopdrouslbl owkerenﬂeﬁab@f bigupdi hg re-

E?gchggggghf§ghdt§¢5:E§t£ Heunb%?%é§£86y2} Ebagtermlned

according to one o alhs erefn a

puendéter ofnpdrifidatdi wgtefr (Wi Hassnozoheehr daspdnsad for a
sai d .ozonatio chanbgr %18% and wherein the treated
Eﬁﬁn??FﬁrﬂFnF qBFHPS PEACEBCa storage reservoir (48)

after said treat ment . 22. A nethod, preferably

according to one of the claims 17 to 21, wherein -

liquidis ozonated in an ozonation unit (8), ozonated
Rigarbodvwercpsdingnspeftednt 67a Yherage paadr Lygpid is re-

éf?%uiggehlgHtgl(¥ﬁg éﬂoﬁﬂtdo§tgﬁﬂgﬁt58§§r§8l (%gﬁobéd from

east tenporarily treated w ozone
aamdrﬂumgrablohaun122(5QMene|neducedsbeionealprsaddtermlnable
zona tion unit sai d storage rs Ervoir
7 d

% is fed.to
a8y a?rlg gfet m ?grﬂwul%lsArﬁeFﬁBSu 25 R EoPre™

aBecohihbg skappe-ddtetm2iawher gbpiggone pigduced by a
ozone generator (32) is fed to said stor age reservoir

(48) through a reservoir ozonation connection

A method according to one of the claims 17 to 19, wherein the
ozone treated liquid (W3) is fed through a pre-filtration de-
vice (56), preferably through an activated carbon microporous
block filter before being fed through said filtration unit
(58) .

A method according to one of the claims 17 to 20, wherein a
pre-determined quantity of liquid is ozone treated in said
ozonation chamber (18) and wherein the treated quantity of
liquid is fed to a storage reservoir (48) after said treat-

ment.

A method, preferably according to one of the claims 17 to 21,

wherein
- liquid is ozonated in an ozonation unit (8),

- ozonated liquid (W3) is transferred to a storage reser-

voir (48),



23.

24.

25.

26.

27.

(63) . 25. A nmethod according to one of the clainms 17
to 24, wherein ozone contained in the gas phase in

W@ 2000/084800 age reservoir (48) is renoved from aPQEEP2006/050768

streamexiting fromsaid stogage reservoir (48) by
passage through a vent filter (50) . 26. A nethod
according to one of the claim17 to 25, wherein the
liquid is fed to said filtration unit (58) at a )
consthnt 1iaBhdr 4Fe) . ip7sahdntRbadacEerarvgirol(dpe of at
the gbaim {Z,10,26:1yherehPeliny@chi bsbagperating node
(M) lTirquidis transterred fromsaid ozonati on chanber
(18) to said storage reservoir (48) by a punp (54) in
a second operating node (M2) liquidis re-circul ated
hr h.said filtration,unit,(58 [ 4 : .

AR Rk e Tk TR Rz v e B PTG, et et
byosatdopupit54)18) 28s Actetbodaadcetdraget ocobevoir (48) at
the clains 17 to 27, wherein during re-circul ation,
LPaaFdCeBRPARALAY - di ssol ved ozone i s noved through
said re-circulation line (66, 69, 61) and/or through
said filtration unit (58) . 29. A nethod according to
one of the clainms 17 to 28, wherein pollutants in the
Ri gatHodr ecogirdisgdtdupinagobzohat fbaina Eheocvzahavhenein
chanmher 3 nd wherein oxidise ol ants.-are .
SeRbeaa PATka oty  Tr P efeno b EE aly (P oT s ARl pggoata stor
ageordssgvboronespf thheughabnBeddrtroi29ozphet €bA tBnAection
reacti on and storage node, raw water is treated in the

ttor for a pre-determ ned ozone treatnent tine,
after which it is punped through the filter or filters

A method according to one of the claims 17 to 24, wherein
ozone contained in the gas phase in said storage reservoir
(48) is removed from a gas stream exiting from said storage

reservoir (48) by passage through a vent filter (50).

A method according to one of the claim 17 to 25, wherein the
liquid is fed to said filtration unit (58) at a constant flow

rate.

A method according to one of the claim 17 to 26, wherein

- in a first operating mode (Ml) liquid is transferred from
said ozonation chamber (18) to said storage reservoir

(48) by a pump (54)

- in a second operating mode (M2) liquid is re-circulated

through said filtration unit (58) by said pump (54) and

- in a third operating mode (M3) liquid is dispensed by
said pump (54).



28.

29.

30.

and stored in the reservoir, in a periodic reservoir
ozonation and recycle node, water in the reservoir is

wo@2zmnesesueat ed for a pre-determ ned tine, wher BOYEPBDE050768

fromthe reservoir is recycled through the filter and
back to the reservoir and in a stagnati on period
ozonation treatnent node, any wa ter in the reaction
chanber and the reservoir is ozonated for a
pre-determined tinme and after per-determ ned stag

nation periods if the purifier is not used for a pre
BereEhpdedceprding to one of the claims 17 to 27, wherein

during re-circulation, liquid containing dissolved ozone is
moved through said re-circulation line (66, 69, 61) and/or

through said filtration unit (58).

A method according to one of the claims 17 to 28, wherein
pollutants in the liquid are oxidised during ozonation in the
ozonation chamber (18) and wherein oxidised pollutants are

removed in said filtration unit (58).

A method according to one of the claims 17 to 29, wherein

- in a reaction and storage mode, raw water is treated in
the reactor for a pre-determined ozone treatment time,
after which it is pumped through the filter or filters

and stored in the reservoir,

- in a periodic reservoir ozonation and recycle mode, water
in the reservoir is ozone treated for a pre-determined
time, whereby water from the reservoir is recycled

through the filter and back to the reservoir and

- in a stagnation period ozonation treatment mode, any wa-
ter in the reaction chamber and the reservoir is ozonated
for a pre-determined time and after per-determined stag-
nation periods if the purifier is not used for a pre-

determined time.



