WO 2006/ 089840 PCT/ EP2006/ 050768 1 A DEVI CE AND A METHOD FOR PURI FYI NG A
LIQU D WTH OZONE AND RECI RCULATION The invention relates to a device and a
met hod for purifying a liquid, in particular water, according to the
preanbl e ofwWohRe@6/08sdependent patent clains. In many part ECHEPINEOIN06| d,
drinki ng water sources contain mcrobial ogical contam nants such as cysts,
bacteria, and vi- ruses, in addition to concentrations of inorganic chem cal

spe-  Ci es, $Heh A%l GF eS| HoR NeurTRAEANE S outly rog Vot RBI ARrraksenbe  and
fluoride that represent either long termhealth dangers or aesthetic

i ssues. Sonme localities may only treat a part of the problem or treat- nent
pl ants cannot be relied upon to consistently deliver drink- ing water of
appropriate standards. If the source water contains significant quantities

of organithemabhivehtsuahrasabesatesa ddfice taid en Mt HRAFS Oputighihgval s of
chlorination may add new toxic chemcal contami nants in the form of

tri hal omdtieids” CPHRREF1CUTRE WakeF: RRFTEIRY tQ LApereaphileacé WBRl for

whi ch thqn%%rendi&tv?gkgxtrﬁgﬁgg ble for the treatnent system However, few
private userS have the technical know edge to properly treat and naintain

such a source. Thus, a need exists for a sinple, point of use, automatic
device that is capable of efficiently treating the water to the potable

watt er St ajiords, $etely oENenUSERA o Uili o Y af A% E LomEEntale Lot ecti on

Agency), h™i's "approprrate for use by a private 1 ndi ual or
of fi ce. mdrdtsifcdggitrdatoehambhamas esuatsiay oediseitadtdrtier,s andokliewed by
activated carbon filtration to renove chlorine, followed % WD 2006/ 089840
PCTI EP20081550788 agdltlon.to concentrations of inorganic emical spe-

cies such as ferrous iron, manganese, hydrogen sulphide, arsenic

and fluoride that represent either long term health dangers or

aesthetic issues.

Some localities may only treat a part of the problem, or treat-
ment plants cannot be relied upon to consistently deliver drink-
ing water of appropriate standards. If the source water contains
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



reverse osnosis to renove nost of the salt, and finally renoval of trace
organi ¢ conpounds by activated carbon is known in the art. Because reverse
osnosi s nenbranes generally have |low rates of water treatnent, treated

wat er nust WO 2896482840in a reservoir and protected from BGEEBI0GPS0768
recontam nation. Periodically, this reqdires sanitation of the reservoir
due to bacterial growh and acconpanying taste and odor problens. These
systens are not suited to operation on non-potable water, unless the

[reated g difle IR3Ritd Lol SchBvadfbli o8z Sl el Lo hataaly sbfblhhzation
by ozone or dosing with a | ow [ evel of chloramne.” Point of use chem cal
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ozone- based_water treatnent_ apparatus suitable for residential _point of use
and poi ntaRs Fé‘iﬂtr%ﬁte%if§°mc§ﬁﬁr9'?§é§larﬁ?%’??%‘&%%§ﬂoq'i |Regiodd ogddleh §Pdse

reactor (Lo el taBn0seNeneePeEat-eb: r i a9 Banks-iaNd Bowth and
mcro-controller to treat water. The raw water is passed through a

pr et r eat neetonfanytiarg tt@sttiee a08 aderepoebhens s Thesew|sxatams @Eve water to kil l
bacteria, viruses and _other m.crogor i ... Jhe o | S ny-_ factured in
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situ by antozone ge orage tank from
whi ch it tér dteswrvsiddmnic atdétsibar aghjetoed te ¢haireiledtardmiaiationne

contam nants by a bl anket of , ozone-en ichfd ir. jn the gap between the

hei ght of PY i &% r¥d 937308 Yadird h Oi”oéeﬁ? t‘ﬂg RPNk, Water fromthe
CT pours through this blanket as it enters the storage tank. Stored water
is re-circulated periodically back to the CT for re-treatnment. Such a

devi ce hago e t@F Nusl awhatks) WAeRtWRtEBh bs ALikkIfY W@ is known.
Ozone is a preferred chemical as it may be easily generated in-
situ, does not form potentially toxic halogenated by-products
(THM’ s) , and reverts to molecular oxygen within a short time.

Several prior art devices are known.

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 is passed through a pretreatment
filter to the CT where ozone is dissolved in the water to kill
bacteria, viruses and other microorganisms. The ozone is 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



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

2006/ 089840 PCT/ EP2006/ 050768 3 the CT is in use. The production efficiency
of the device is thus |limted. Additionally, this device only addresses
removal  of WRi2806(8B?840 ogi cal conponents. Raw wat er usual | PCTERIAS/BH7¢8nor -
gani c pol lutants, which also need consideration. US 6,475,352 B2 describes a
househol d water purifier utilizing ozone injected into a re-circulating
syst em cont ai ni ng a pre- filter, main activated carbon fil ter wat er

treat ment e 13N¢sapt 'rHQa{a!:X?uéth&A'éﬂ ek At ?xon el Refikter for

filter- ingt ewater ] ust sense e -“opera the sys- tem
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nmust be cifrcul at m.ni pum of 3-8 ti rou malnfllter and
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treat mentgadAf Ip%ltlhut%n%@pamlchuswblﬂxeé@r@mesfdéﬂaﬁl%aﬂ particul ates (either
present i n| tially or generated by oxidation of species during the ozonation

proc- ess) and organic chem cal contam nants, it does not provide an answer
to renmoval of inorganic ions such as arsenic or fluoride that nmay be

present agg CONCANIIHL 'B@“%le%'&%&bé@péeﬁéﬂéeﬁoi&%tte%r Buriedldrh hineat ngl n
addition, therei's no possibility to store pu- fiéd water while contlnumg
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| i qui d sughd asSptlisnadlgr a Ip@lﬁéhﬁhQUhathdilt@d pmzﬂion dfiltee Jpopl ifdateen. In
addi tion, , the device should aytonatical Ig}b ensure reliable purification and

avoi d r ecHR? i hatatGT iTSta®EdOTwher 81 FREPEF i 116 IRGHA AT Odi $Pens¥d—for a
certain pgLhods ofhrough a micro-controller and a pump with a system of

valves. The water must be circulated a minimum of 3-8 times
through the main filter and reactor in order to achieve an ap-
propriate level of microbiological treatment. While this appara-
tus will remove colloidal particulates (either present initially
or generated by oxidation of species during the ozonation proc-
ess) and organic chemical contaminants, it does not provide an
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.



time. According to the present invention, these and other ob- jects are
solved with a device and a nethod with the features of the independent
patent clains. WO 2006/ 089840 PCTI EP2006/ 050768 4 The device is basically
used for puPi3PPei$?$4Pqui ds such as po- tentially nonpot aBFEEREWOEPSHE M a
private well or unreliable public sourcé. It conprises at |east one
ozonation reaction lig- uid treatnent unit hydraulically connected to the
source. The primary function of said ozonation reaction unit is to inacti-
vate m crobiol ogi cal contam nants, which nmay be present in the raw water.
The ozonation reaction unit typically constitutes a batch reactor conprised

of atre ' [G€:9f v0%2QR8 FYRSHSPAY iy . ctisonof the
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contr ol th&ﬂ{[/reat ment ti The .devi cgois further provided with.a storage
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purified uvatereatthddt idnits hdidspansedlby tbenecesd #Aechalismmrice .t Indepr e-
sent invention, the device is further Er,ovi ded wth re- circul gti on nmeans

for re-ci PEUPAFY nfPiHe T &4t 310 §aPnafiem FRRCTER iy res iy ditectough a

re-circul %'tenmi'%f'@oﬁ 1ided WohR a@linah€85t wRen frhd MM i dUHH -1 nCRBEr ary to
the prior art, the tredted liquid is not re-circulated fromthe storage
reser voi r ravowg her oZBrmatdzemakiion, rrachéen nifstyetcahirowrfnssaitaitieis| @r ati on

uni t whi cB,| 8y arLanged 1o the et Loulalianal i ngyy ANt Rask 40 ol storage
reservoir.” Sch™a desi gh has several advant ages. I rstly, it i's possible to
re-circul ahe,t bpapgenates irntjpwidbcitiom ofhehst gaagen riedserfoin of plmanal ity of
i hr h idfiltra-
times t gﬂgblgg,dapprépéaate means to control the influx and exit of wa-
ter as well as its level in the treatment tank, and timer to

control the treatment time.

The device is further provided with a storage reservoir, hydrau-
lically connected 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-



tion unit in order to renove inorganic pollutants still present in the

wat er after ozonation. This allows optinumuse of filter nedia to be

achi eved because of the |engthened residence tine created b eated
treat nent i WOAS/®840 ation unit. Secondly, ozonation tFEEE ﬁé%f W &ew raw
water can be carried out in par- allel whth a re-circulation cycle, which

i ncreases the effi WD 20061089840 PCT/ EP2006/ 050768 5 ciency of the device
as regards its water treatnent output per day. According to a preferred

embodi n'e”ct:i&fc%; her Iﬁ\ée@tew%e bBerdgyige its davdhairdymandeduisih peans for

ozonating the’liquid in the storage reservoir and/or in the circulation
line. If dée. liquid is ozonated in the storage reservoir, during a
re-circulation, dissolved ozone will also be transported through the
circulation line as well as any val ves, connection nenbers or filter

devices arranged therein. Thus, mcrobiological growth in the conponents
of the hymmntd:'mc;yls:t empaedermethembodimant ot urhe dinventtion,t édhe device

conpl et el nted dln non t he frequency, and .concen-_.trati of the
ozonationyir% ﬂ%?&% cl 8ﬁﬁ?|%%rqbzfp%%lq%ﬁ%edﬁfﬁn¥ﬁ% Eo%ggxt of a
re-circul s';ltbﬁéil;éll’!r.féseﬁaﬂmrri $indg o thI théraitonl atidn asidentionred aboued

ozonating purified liquid in the storage tank_ is  also preferable in the
absence ofSseEMaeRd ditt diCaStOR2IESpREFAYPYT i 1B DE presTedramiationozonat e

the 1ig- yidsGpM@iNeshd @,ﬁlsta%agset eggnélsgma NEnddh H MBd foitRuhihbgybd has

been di spensed for a certain period of tinme. By providing an ozonation unit
for ozonaling azawekt e&as angd yalaedit cgnaectxe‘amusmemlwra)maiulrt@rt devpgeisf i ed
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does not b#vehe hydraulic system and in the filtration unit is inhibited
or completely prevented, depending on the frequency and concen-
tration of the ozonation process. While such a ozonation is pre-
ferred in the context of a re-circulation unit comprising a fil-
tration unit as mentioned above, ozonating purified liquid in
the storage tank is also preferable in the absence of such re-
circulation. Especially it can be preferable to ozonate the lig-
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



any negative influence on ozonation of the raw water in the ozonation
reaction unit, or on the daily productivity of the treatnent system
Preferably, at |east a part of the re-circulation line forns

hydr aul i ¢ cBRPEW(®BEH? bet ween t he ozonation reaction uni rcyﬁazwﬁaogf Sor age

reservoir. It is especially preferred to® arrange a filtration unit in the
re-circulation line in such a way that ozonated water punped fromthe
ozonation reaction unit WO 2006/ 089840 PCTI EP2006/ 050768 6 to the storage

reservoi repide ke Jradet heauabot Pewiil tatfa@n tHvidugh RHEin@raitiew ahken
line. It is also possible to use different filtration units for transfer

and re- ci Uit ixarcimgulpitsonayine pol F utard ks e e lenbpedsqudiAgereanst er
from the pZONALIM L (3CkLan.c0ATREE LRqthe SLAKAGR i1 serﬂamt&msaaqgupon re-

circulation, their concentration can be further reduced with each pass
t hr ough tﬂﬂ@llu’datrers c'Elmeb|en¢ea\a3ed donia@tttammfdzetﬁmn thehezbnlatéonnedi-a and
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invention, the device my be provided wth timng and control neans for

peri odi ca&gh Eft-:s-scﬂrfb’iﬂuﬂﬁ el ifa&Fﬁrt hFBaghnerRASRd Gandt@cat itdmel PREWERR t he
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especially pre for preventing re-grow m cro- bi ol ogi cal
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t he devic th ontrol means for aut omat. cal.l y .r |rcuI ting the
liquid un??&?ﬂe@%oné‘é %r ati Shoof poI f’lu{“aﬁ St drelatior % i qui d

e T enove fromt
by the filtration unit has fallen be-

According to a further embodiment of the invention, the device
may be provided with timing and control means for periodically
re-circulating liquid through the re-circulation line. In the
context of ozonation of the liquid in the storage reservoir,
this is especially 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 is 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,



| ow a pre-determ nable level. O course, in one and the sane de- vice,
may be both, neans for periodically re-circulating the liquid and neans for
initially re- C|rculat|ng the liquid un- til a certain concentration

pol | ut ants W9 28F¥¥%d. In one preferred enbodi nent, theP?T’P{’%‘)&f’P’Sﬁ“unl t in

the re- circulating line is preferably neant for the parti al

there

or conplete

renmoval of inorganic ions such as arsenides and/or fluorides. It has been

found wit

h respect to the trivalent, arsenite, formof arsenic, the

ferrous, inlRhls ok 8F hkRGanasd, thiead [ MR Mipe MR2006/£08984Qa to -

PCT/ EP2006/ 050768 7 manganous form of man )anese, that ozone treatnent
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arranged ppstdreavtafatba aghmyageﬂlﬁt@ﬁ]na filtra- tion unit. This may
preferably a set of mcro-fiber-glass and activated carbon block filters.

Such filt

ers wll renove any colloidal oxides resulting fromiron and

be

manganese, as well as dissolved organic nol ecules. They nay al so renove
pot enti al A ¥eo Ly QQQ%UE%r@h@?aﬁEef&P§e&W&ﬂﬂbdﬁﬁéﬂﬁﬂﬁi heen ihoeRedoh! om bro-

m de ions present” in the water during ozonation. Preferabl

y, the ozonat i on

unit of tHee presemeulardoni danpsmae-be i prrsth dest Wdthelp diugdhezomadtoa-of a
PI&; dgla rc{EO%‘?:‘}a ahhb%¥r8£ml6]? thlsvaaée 5 fiQha0%QRgLLON for a

certain,
time suff
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activated carbon block filters. Such filters will remove any

colloidal oxides resulting from iron and manganese, as well as
dissolved organic molecules. They may also remove potentially
carcinogenic bromate ions which may have been formed from bro-

mide ions present in the water during ozonationm.

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-

Iev even'rn-case a user
tion unit. This may be preferably a set of micro-fiber-glass and



shoul d di spense water fromthe storage tank. In addition, this allows for
purifying water and refilling the storage reservoir even in tinmes where no

purified V"%@Eoo%/%sﬁit(ﬁpensed- According to a further prefgegpshosixRprisment,
e

t he devi ce may provided with a gas céonduit bet ween the ozonation
reaction unit and the storage reservoir. Excess ozone, which nust be
allowed to exit fromthe ozonation reaction unit, may be transferred to
the storage reservoir through this conduit. This allows for a particularly
si npl e odmddtiean, i hhéhetctayage saseriwiis wirolvided wahldl theashiwvabedne

gener at or.. %ccor di gg tgtt hi€ €r ef ervr.ed em WO Zf(]):006/ 9%98ég rPg:T/ EP2006/ 050768
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According to another preterred enbodi nent of the invention, the device nmay
be provi desfliwitehaore sfnghe w¥ire munidii®or. This generator can be
connected both to the ozonation reaction unit and to the storage reservoir.
Appropriate valves may allow for feeding ozone to either or both the
ozonation unit and the stor- age reservoir. The device according to the
i nvent i orRdcoalielgettabhyopheri pecfemied eanmdimeindr offeetiengnivbetiogui theThe
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constant flow rate. ) ]

and to the storage reservoir. Appropriate valves may allow for

feeding ozone to either or both the ozonation unit and the stor-

age reservoir.

The device according to the invention is preferably provided
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.



It is especially preferred to hydraulically connect the punp to the storage
reservoir with valve neans in such a way that in a first operating node the

punp is adapted to feed a liquid from the ozonation uni{ to the storage
reservoir. VH2¥EBINd operat- ing node, the punp is adabtHEFFEH0S0768

re-circulation of a liquid through a fi9ter unit and the re-circul ation
line. In athird operating node, the punp is adapted to feed the purified
liquid fromthe storage reservoir to a dispensing spout. Wth one and the

sane punpciRddivigdtese ehroper opspadte RIS indlentliogyi 8 mbeBddc&Brbgu-
acconpl i shed. WD 2006/ 089840 PCT/ EP20061050768 . 9 According _to a further
aspect ofrif¥dngn@eAtRBAd, al RePRBEL B 2 A te Ty ilfg PEOVGEHd, IPnap&LitFEul ar
water, isrovidedsibnia §irStonst&R: id N |t 1% @A9Rat @l B.BHaPZQNALI ON
unit. The oZdnat ed Iiquid is then transferred to a storage reservoir.
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In a last,step, .the liquid.is.re-circul.ated fromthe storage. resetyoir

t hr ough e}%ﬁgﬁﬁ ﬁgungFoﬁaE% efﬁﬁdg%ﬁﬁﬂg%(? l%?afgthSe%E?§§g§&8PruPﬁrOugh at
| east onerd id tiraaiti eepni thePlefeiably tdecidduluitdd £rbed thier ettghatybe sane
filtration unit during transfer _fromthe ozonation unit to the storage
reser voi rr@IRFVRIS G rPeghcr EaTeiFoRt 2R dpmear@hbses &Rdthel $&8rasfow for

sel ecti velyse GRANEEHBAGhNE L ibEEAtbAD £ty 4eQ drhQuni®- Ciphebabbely Lhae or to
a transfer line connecting the ozonation unit to the storage reServoir. The

liquid cahideld dscifiedulthretghr bhet same tHiktiraticn gnifedugding ¢akehgfer
Re-circul af i referabl.y is_wpde i jtt - tity -purified
wat er hasé%%gﬁ: |gﬁ%ﬁ%&&gPoﬁnggp?%-%%?e%éﬁ%éﬁ? %ﬁ%ﬁ#ﬁ?%&f%k?hgggéﬁghké
re-circul alroratcemi Apghrapirhaperpbpee and valves allow for selectively
connecting the filtration unit to the re-circulation line or to
a transfer line connecting the ozonation unit to the storage

reservoir.

The liquid can be re-circulated from time to time, e.g. periodi-
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.



ozonation of the storage reservoir, prevents re-growh of bacte- ria in
times of non-use. Alternatively, it is also possible to re-circulate the

liquid af tﬁhé&%?oggsf@r fromthe ozonation reaction unit Egﬁm?%&%r&l?zéesnunti |

period of t ertain nunber of tinmes. Re-circul ati

t he amount of pollutants in the liquid t8 reduced be- Iow a pre-determ nabl e
| evel . This can be neasured either di- rectly by nmeasuring a content of
pollutants or enpirically by re-circulating the water for a certain period
of time. O course, it is possible to initially re-circulate the liquid in

order to reduce the amoynt of pollutants and thereafter to.peri- . odically
re-ci rcul%(fcéjrtdﬁé‘qg uitd gFFgFrOQBﬁg?{B‘?ﬁO?HGf MG & etl"l’eeslg‘y\%itrwf‘n or der
to preventhd esraMthreai el 0k ggigal s mé@rtmtoudh AROFH1A8984Qon devices,
PCT/ EP2006/ 050768 1D According to a further preferred enbodi ment of the

i nventi orRTiAh&ELARETEPgalBE FFRGRES | 52 FRHV PHI0RAT RO (h&CHER @Bvi ces,
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carbon blo or the renmoval of colloldal par- ticles and di ssol ved
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ozonat i ona g eaeddriidyidr. fihereliese, a pre-determned quantity of liquid is
treated in the ozonation reaction unit. Said treated quantity of liquid is
subsequently fed to the storage reservoir after the ozone treatnment. This
al- lows for a continuous batch wise treatnment of raw water in the

ozonati onpd@btdidd RArAlhelheRUpkEiredryat &fbsdihndiet digRenseghid nam t he
storage reservolir. ) i .
ozonated in a batch in the ozonation reaction unit. Therefore, a
pre-determined quantity of liquid is treated in the ozonation
reaction unit. Said treated quantity of liquid is subsequently
fed to the storage reservoir after the ozone treatment. This al-
lows for a continuous batch wise treatment of raw water in the

ozonation unit. In parallel, purified 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 reservoir. 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



According to a further preferred enbodi nent, the purified liquid in the
storage reservoir is at least tenporarily treated with ozone in the storage

reservoir. Such orary treatnment in addition to oz

ozonation uffP? t"%@%&ﬁ re-growt h of biological material. QE?&*%QQQ%%%ua||y
preferred, to feed excess ozone in the d2ona- tion unit to the st orage
reservoir. If the anount of ozone is not sufficient, a direct connection
may be nmade between the storage reservoir and an ozone generator. It is
further pged eftdided He@@Rvei0Z0ner CONi &i petbdse t hegams pltasanm malyhBest or age
reservoir froma gas streamexiting from W) 2006/ 089840 PCTI EP2006/ 050768
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through a,yeidn fdd ele sB4eBuadihblesLdtNEMePVl 48 14PNz, Nation of the
surroundi ngs of the device with ozone. Preferably, the liquid is fed

through the filtering unit at the constant flowrate. It has been found
t hat by using a constant flowrate, best filtration results nmay be

hi eved. p { t
achi eve éﬁéﬂ g L 8s¢l fé&V€H£6E€%héﬂflqu| rgPﬁnﬁ% EQVS ?rom

dlfferent pat I rst” operating node nove
t he ozonatomsitami tfltcm thagest dtabesresenvbound Foratt s ustlrnamaf @ons&aptinp,

preferably. a pu edi.n he |1, gui id at con- stant rate, may be used.
In a secoﬁb V&p’éﬁ‘? ?Pge %&Tlttrﬁél i ﬁﬁﬂilﬁi TRY & aﬁ%'ﬂletvrﬁ ugh the filtering
unit by said punp. In a third operating node, the |iquid my be dispensed

by the sane punp. One and the sanme punp may be used for different purposes
if appropriate_valves and pipes are used. It urther preferred tq ozonate

the storaBecPEdBRYiT ﬁheqlmrﬁseéﬁ RBYeRAI PRy e By Y fevedo 1o
re-circul gt EPBre XN HE SIn a first operating mode, the liquid may be

moved from the ozonation unit to the storage reservoir. For this
transfer, a pump, preferably a pump feeding the liquid at a con-
stant flow rate, may be used. In a second operating mode, the
liquid is circulated through the filtering unit by said pump. In
a third operating 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



solved in the liquid is noved through the filtration unit and/or other
conponents of the re-circulation neans. Re-growth of bac- teria in the

conmponents o re-circul ati on neans such as val ves filtration
units is thg$E%@ﬁ5%%9ented. According to the present |h€€ﬂ&?@ﬁ&°(bé
further preferred to treat the raw watéf by oxidising pollutants in the
liquid during ozonation and to renove the oxidised pollutants in the
filtra- tion unit. It has been found that known filtration units utili-
zating acpiaptsial WreB@e8h@WeANoLBRE OVIEEH Teeranal refrlovelle ey nicablel BEr gani ¢
pol lutants such as arsenides if the raw water has been WO 2006/ 089840

PCT/ EP200% 9537868 ConsigeeabdasPvareagedr wilt nofome cigdilive Prsite rrespdal

princi pl ecast e:SUGH thas ne0ashder Abhei V@t A08Shcd1la tiSne'S REC itdlel xe%efa@r red
in context with the above nentioned re-circul ation, as the renoval
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preferred e t o the presen 1 on, par us further
i ncludes a m croprocessor with appropriate softmere programto place the
above-nentioned pre- ferred enbodi nents in one or nore of the fol |l ow ng

operation des ion & Storage i S treated in
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Periodic reservoir ozonation & recycle: Water in the reser- voir is given an
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reservolr.
modes:

A. Reaction & Storage Mode: - Raw water is treated in the reac-
tor for a predetermined ozone treatment time, after which it
is pumped through the filter or filters and stored in the

reservoir.

B. Periodic reservoir ozonation & recycle: Water in the reser-
voir is 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 program further allows the user to set both the nunber of tines this
treatnent is given to the reservoir, and the specific tinmes between

treatnments . Stagnation Period Ozonation Treat nent
not used f&?oémﬁ@@%@fernined tinme, the Erogran1autonat|c%#?@Pgﬁygﬂgses any
water in both the reaction chanber and the res- ervoir for a predeternined

time and after predeterm ned stagnation periods. WO 2006/ 089840
PCT/ MD06/ 050768 13 Reference will now be nade to the draw ngs which

i |l ustratgriencwayi0fi 83aNMBEEnddd Vio aHY efehriedsembadhnent uetrbbe, ppgsent
in- vention: Figure 1 is a diagrammatic illustration of the princi- ple of

t he preséﬁﬂ’ﬁﬁV@ﬁﬁﬂéﬁe Fpglir e2 2PFefer e ampadimeayr ede gt PsRSERtalBavi ce
ac- cordipgiQqt.he present invention and Figures 3a to 3d different

oper ati ng nndés of the patent in- vention. Figure 1 schematically shows the
el ements of a device 1 for pu- rifying water according to the invention. Raw
water W is provided by a water source 10. Particulates and coll oidal

i nor gani matten in the non-potabl.e sourc S re-filtered
by a pr eCFfJiqlifr 16. The pre- fsf 1% e 1 C lrcl téLgLEsL“V%F%‘%SD : %Iﬁ“?n%]flrfcrrll

m crofi bergl ass fol | owed by pre dﬁﬁﬂh&ﬂpﬁés@&tb&ﬂvbhﬁ@knto substantially
renove any dissolved or colloidal organic material. Apart from
aesthetically treating the water WL to renove turbidity, by reducing the

concentration of organic material present, |less ozone will be required in
the nextrshage.o is a schematic representation of a device ac-

cording to the present invention and

Figures 3a to 3d different operating modes of the patent in-

vention.

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 W1 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-



This pretreated water W2 is led into an ozonation arrangenent 8 wth an
ozone generator 32 and an ozonation reaction chanber 18 (see. Figure 2) to
sanitize the pretreated water in the ozona WO 2006/ 089840 PCTI EP20061050768
14 tion uniWOg006R8%B#} | +) arsenite is thereby oxidised t oP¢HEPRIGRAT6S
arsenate form The ozonation is carriedléut batch-w se for sone fixed

peri od dependi ng on the production capacity of the ozone generator, the
esti mated ozone demand, and the ct (Concentration x Tine) required to cause

a desi redciro%d%tiit()@.oh_sgmm fs b9l ee | 14 ASee f%xqidaise&e%i PHePHE RS S
that neet the USEPA Guide Standard, this is a | og reduction of cysts &
vi ruses, amaenatel dgrmedlibei orondtbemtes iR ilesl omtiBagchi@iseefiori sope Any

ex- cess f.errpus Qor n i it r.W I, i di to the
ferric orgln%r(#;gr(ﬁré Ogggfe ggﬂgﬁégf%?n# lg%lé]%?d\dg%teiﬁé}r tc:a |a§§i9’ gl%ngie%p%% aSlg?e wat er
IS in theygddaadge thebe8tdnatedrozoms dmwendjarnd ithes car §Coacgntpaeiohl e in
this range of pH and precipi- tate as their hydroxides, in the farm of

col | oi dal® paifig)cl*eguireAetez6RUted® FRBITRAISEINEO? RE AROPRENCHURPET at a

constant 1.fd QW d atsef H98% hRecPZoRabL Afb S SAGH AN fditt Bt RpBahca;gecond  set
of mcrofiberglass and activated carbon block filters 56 that renove any

col | oi dal Staaidtesl, &hdsdissal ¢elogr padinetiml of cuisds, sayiwplsksasaady’br onat e
i on whic Vi ve .formed, fr . brom de | esent, This i,s fal ed by an
Ic}'l(g? re%cq:lo% '8% aécgggl%hg{ng Aoﬂ?‘ 8 ﬁ% e%cg}ooo&) A%})A%

activate uamna “cartridge renmoves at [eas ‘t he +) or
the flu- essdlefdnramssionrghengassuat ian chmstlantwadtexwwidtle alEbebpubkitédeda-

ter Wi is then stored in a Burified wat er %O{a e reservoi.r 48. . The
r eser voi r @ yii& AI95F Hra P thE¢893nY 6| BHattord P &0 1dPr1dady PAFE4CHERer . The

purified yel&L $IQAYE Wa@eer Y8 §n48hangl t Agndly AW 5,i #e$ric or man-
ganic ions are very insoluble in this range of pH and precipi-

tate as their hydroxides, in the form of colloidal particles.

The ozonated, pretreated water W3 is then pumped at a constant
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 reservoir 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



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 WA fromthe storage reseryoij t hr gugh t he
mi crof i ber g}?"g%%" SR i vat od WO 2006/ 089840 PCT/ EPZOOGI%(g'Bg%?@gG/%g%gar bon
filters 56 and the activated alum na coleirm 58, and back to the storage
reservoir 48. The re-circulation flowrate is set depending on the

efficiency of the activated alum na colum 58, and the estinated nunber of
passes regubbadfioteeduse M@ EnNcaitinaliedn a0fuimenkhebluha B8( Vapd Backhe
fluoride ion in the storage reservoir 48 to a concentra- tion allowable by
t he USEPACsthRdEEAE2IFNIRSREYPHatEE depends on the type and anount of
activated alum na nedia, the dianeter and length of the filter, and the
vol une of the storage reservoir. Thus, it is nost easily determ ned by

experi mental rteucﬁkcﬁmgt%n chSwfthé hey ss%ecc'cfeb%naﬁbegh @Hgbgkfgc%ﬂggr' nto

the reservoir is periodically carried out if "no wafer is dispense
predeternﬂhé@epeptoﬁabédtahnmlmﬁgpolﬁmn Furandoiphe, efhematﬁd phmbeonafi on

wil | depend on th sLpep th 0zone gener.at or g cifli ol unme
of the régﬁ?ﬁoffquﬁ5?de gnﬁ?g C?nqﬁﬁ(Fn} e T §éP€oPr % Eﬁ £ y%our
ozone genﬁf&mgrflubemaélQanointtwevwﬂdﬁadéanemekhelst@B tage cefeenNots-48 is
typically carried out for 10 minutes. Re-circulation is alsq carried out

|n|t|allfﬂdﬁtaﬁlpﬁébéﬁnPXthen $ﬁpéxﬁﬁﬁQHQQﬁ%(nThlﬁ Rt ipghendeRPRASsOBeen

reduced tg,d h§pMaNaTHAbLAAE O¥EDbA e PRd ¢ d aiturBAC GRIHAL | @Re Kb ahstétSond
activated during reservoir ozonation periods |later on in order to prevent

m crobi ol lggigtdl ofetdeodihten, t éed hke audiwnes it dimes $¢lvragei meshevotar bon and

aCtlvateqﬂﬁign]QgiglE%%%Sealnl?'&%{gkmlﬁbaﬁ%§ exﬂerlmental trial and er-

ror for the specific system.

Bubbling ozone into the reservoir is periodically carried out if
no water is dispensed for a predetermined period of time, e.q.
for four hours. The time of ozonation will depend on the
strength of the 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, wvalves 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-



the storage reservoir 48. An apparatus suitable for carrying out the
above-nentioned nethod is shown schematically in Figure 2, except for the

mcro conty h its acconmpanyi ng software, and el i L. WO
2006/ 089840" gé&%@ﬁ%@w 050768 16 cuits_that control theg‘gy&?g’t“@%#‘{éf t he
various el enents. is to be understodf in the description which foll ows,
that refer- ences to sensors activating various operative elenents do so via

the m croprocessor program The untreated water source, shown at 10, is

connect edcdi A t4RR- coharblf thw 6péLaplomp dP2 tifd clarisuzydlawkengal.l ytcesnect ed
in se- ries to a solenoid valve 14 and prefilter cartridge 16. Prefil- ter
16 consi st R udegstopst &8 EE?b@%S%E%RﬁQQWIWQ%Ch\ﬁQM4°§S'n6ﬁﬁﬁaFe§8Fe si ze

of 0.5 Mgy (X JRdUstr Lesi vty WA optdt il lakiRergl ass shi Ligr

materi al of nonlnal 1 mcron pore “size. This filter is provided either
wi t hi n a e posafsipg ogleaspircprhgusing or as a repl aceable filter el enent
within a standard filter housing (Anetek, USA). For a 10" filter el enent,
the punp 12 is typically operated at 2-1/mn. Prefilter 16 is hydraulically

connecteggthroqg: a@gte%gg o490 g@:ﬂ;oqggl %P%ng SWlatgthrough a

d 28 bhat'ton c an} ber cont ai ns"a i ni rfum wa
whi ch actstvaitesflqgumatk? pang 0penBival ve Hﬁdw&uﬂma&ﬂljlmbmﬂﬂba@dlemebeks
bel ow the  switch height. Prefiltered water W2 then enters qQzonati on_reac-

tion chan%%ﬁSJEPLﬂnﬁqquplﬂl§é§VFol6p%?%tEF%F%&Bﬁ?nﬁﬁqﬁﬁhgg%mbGt kre33l-and/ or

overf | ow sf trh 2hs WLt HEN2BEE vhBEA PUIFL R Bk Wia%@Vakuenld. The
ozonation reaction chanmber 18 typically nmay have a vol une ‘for 4-8 litres of

raw wat er pomfgpehdiane ¢izehefofohemgeneratl¥ Industries, USA), wrapped

with microfiberglass filter material of nominal 1 micron pore
size. This filter is provided either within a disposable plastic
housing or as a replaceable filter element within a standard
filter housing (Ametek, USA). For a 10” filter element, the pump
12 is typically operated at 2-1/min.

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.



strength, physical restraints on the design and size of the pu- rifier, and
nmet hod of injecting the ozone/air mxture into the water in the reaction
chanmber. 1t_is desiqgned for efficient op- eration by havup a cylindrical
shape, wit VA0 ratio of height to diameter of 7:HS °%¢%F%rably
10: 1 or nore. WD 2006/ 089840 PCT/ EP20067050768 17 At the bottom 19 of
ozonation reaction chanber 18 there are neans 26 for introducing an ozone /
air mxture in the formof fine bubbles. This nay be a porous ceranic stone
or other means as known in the art. Bubbling neans 26 is connected through
an ozonation pipe 29 to ozonation solenoid valve 30. The ozonation pipe 29

is integndl kheSeakedmi N9 PSS SdIhd tH Y Heddtd 028 chARbezone tHekLVery pipe 31
hydraul i cal | y connects ozonation valve 30 to an ozone generator 32. After

activati ®¢asf ERefanxintredesing s tearne?, adzomakitonesdhrehbedfioarvef 30 is

opened, .Qne to I tl : i ] e | es
Db ough ranac bEBEES O B2 hay BETd KRN ARG ARENE b LURLE IS €2
vol une ofas tknewnzdnathenareackull hmmesmsl & 6ofi sf connkctedsthwotiph aamei ght

to di t t,i f 7. t f I id val 34, ted to. lid 28,
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chanber 18 are led through transfer solenoid valve 34 and transfer pipe 45

through deldgeawypipel B Bpdraeblenblhaamests oropagapedvadver 39t 6o age
reservol I, A %h%é%gr' §2YER @grtgc@f\;g)%%ergg ROl Aull 28V 1! 3L Ecn
n rrdge )

activated”%af% arr filfer cart arrange in the reservoir
lid 46. GZxnhulzanediact svheérdidivakve 30 tid dgpenes) wapnbegeheratranpleisnf the

type SO|CLé%&Jggg%egnhtgnf8£oﬁgféiEn%f§%¥}éﬂbdgﬂie%u%%gggg i%@ans 26 for
a pre-determined period, typically 5 - 12 min for a volume of
the ozonation reaction chamber 18 of four litres, with a height
to diameter ratio of 7. A transfer solenoid valve 34, connected
to 1lid 28, is simultaneously opened to allow excess air and

ozone to exit from ozonation reaction chamber 18.

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



The ozone generator 32 has an air punp 36, connected in series to a cooling
el emrent 38 followed by an air-drying colum 40, an air flow switch 42 and a

corona di scharge tube and power supply 44. The cooling jS a
t her noel ect&ﬁ&g?qoﬁ&égol ed netal block containing a tort§€ﬁ§Bﬁ%8§7%6 th for
air, whose purpose is to renpve excesslfunidity fromanbient air and reduce

the air WO 2006/ 089840 PCT/ EP2006/ 050768 18 tenperature to approxi mately
10C. The partially dried, cooled air Al enters air-drying colum 40, which

is filledcaigdraa e tof appeBkematelp BOU, ashgrohami4Ah mlieeyl aboskaves, or
silica gel beads. Air A2 exiting fromcolum 40 has a relative humdity of
no nore tish Hoyeates st sdgedavire oPluoe 40 HiWh e did &G witdnpebdrure

sensor 43#&&%@@%@&“ s8R&haQf zEhessn PaX st 410 s ifhe saf @renent .gned
mcro controllér. In the event that the meas- ured val ues deviate from

pr edet er gledPesdsuedint A mixdtdngofromretlum j4fited @s relaydvemhmdhi tand
i sabl e L Bl enle OhMRGSY ool 0 LOS,0Z00ALL Oll 1AL LR GHATRET by syt i ng

of f power suppl and “ozonafti on al ready eated water in
the reserampdrahrdsensodi apetnapdt § odaa pei i @ctiofofl ithe sentpalraieeerezese
generator woul d be required for ozonation of the reservoir_ 48. At this

poi nt in ERgrfonefisaidensd RAfEP FPBRFPELRT voit W SHsRty Hhiedo the BPésnl ed.

At the engd-Of J4dY QedalLREMERSR BZOAEE AR RS I\t udde tHL A cre0Rbhal | er
opens an ozonated water transfer valve 52, which is hydraulically connected

bet ween theoblgt cindigadfesozosysiten €aaht drd dsahlkes tomedmemt Pifowatsare
punp 54. Acti.vation qf. pu 4. an i a ervoir try valve,60
the zonaaﬁ.oonf %a%tﬁog gh%ﬁ?@r hs;aﬂrg’%lrl% oé‘:‘tfeg)ov)ér Sgﬁ’f’lﬂ oW

transfersthe water romthe ozo ion const

rate throaghandciioraitedrcaaiee Bt Ehubp ahcteady | tsdaatbdlwatiera ihi Ither 58.

Pu- reservoir 48 may be dispensed for a period of time until the
ozone generator would be required for ozonation of the reservoir
48. At this point in time, dispense of water from reservoir 48

would also be disabled.

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 reservoir 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” filter cartridge

elements.



rified water Wi is transferred through reservoir entry pipe 61 and
reservoir lid 46 into treated water reservoir 48. The maxi - mum val ue of the

flowrate %Ogg{g@?gﬁ) is determ ned by the maxi- num fl Ov‘f’éﬁﬁﬁo&l/&sﬁy}@bl eto

achi eve the pr ermned | evels of reduction of dissolvéd organic materi al
by filter 56 and reduc- tion of inorgan?‘% ions (arsenic or fluoride) by
filter 58. The flowrate is typically 1 litre/mnute for 10" filter
cartridge elenents. WO 2006/ 089840 PCT/ EP20061050768 19 The filter 56 is
i dent i calTHen faQrskr 86t isnidentidderinlcdsstaetibadteariieer Thedaeti vated
alumna filter 58 is conprised of a columm of gﬁti vagﬁd,al um na, nedi a

e
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g/ L sol utd o19fn dleuaLREvarsal Phat Brd e Hernadnohad BeUA- adPisatOhuUtion is
then flushed out of the filter with pure water prior to installation and

use in tRCigFpacargs. bYneophystirg hendhisitears withaet PPagéd saluhiea ofiter
58 are d'aﬁtﬁﬂ&j{?ﬂuﬂy sﬁﬂghycg%@?rérﬁéﬂosdﬁjetlihﬁmoﬁﬁf. %h&%”lséih{?ﬁ]oh‘)??’t%%g pH

and concentration o rsenic or fluo-r e source water, and
total volfilvsheid wattepft thbefiltentwith epure twatiezaplryori tomagsbeldation

cylindrical cartrid 60mMm ip di ter, and 500 in.length. Treated water
st or age r%r"x}s& r1n4g%fas aBPBWﬁ‘é?I' \?\'ﬂ%‘l @WW%@F@@&PDEV\P?&C 8vatedaxi mum
level swidthhitd 3ndtar ggenttomi coatds by LhANF 13 bazanetbubbber tpbepent 62,
arranged in the res- ervoir is connected by reservoir ozonation pipe 63

through |¢drcd@tiona leeger #o¢e rPbzanfht AFSHITAC 108, oFaR¥ESBACi 8Thylraul ical |y
connect ed, { & %OQ%eg%'othéngtgﬁ, 3 @nthd Q%%QZ volufteOBE. 4eEELAo 1P 32. At

pr edet er m ned per1 ods, our” hour interv m cro controller
acti vat esttdmtaorme ggetigpatel1l8? andnaedsr wiaylindrical cartridge 60mm

in diameter and 500mm in length.

Treated water storage reservoir 48 is provided with a minimum
level switch 70, a maximum level switch 72 and an overflow
switch 74. An air/ozone bubbler element 62, arranged in the res-
ervoir is connected by reservoir 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 valves 68 and



ozonation val ve 64, thereby bubbling the ozone/air mxture into treated
wat er reservoir 48. A reservoir exit pipe 66 extends through lid 46 cl osing

the LreatedoWfedhosypServoir 48, to allow water 1o be wi pAghigeldol
reservoir 4s. e reservoir exit pipe 66 _is hydraulically con- nected via a

reservoir exit valve 68 and a pipe 69 t Othe intake of punp 54. Dispense of
treated water at spout 78 is nade through dispense valve 76 and di spense

pi pe 75, which is con- nected to the exit of punp 54. When the user nanual ly
i nstruct sdidgensd cradveofbr alrkevpéned) siptesn geumguri4f iied avatieatedehaad by-de-
pressing a buttaon on the rifier esgrvoir exit valves 68 and WO

2006/ 0898RF FEP?G@@F@%%%G% Eabﬂﬁszghse val ve 76 are opened, the punp 54

is activated, and wa- ter Ws is dispensed at spout 78. To achieve recycling
of water fromthe reservoir 48 through fil- ters 56 and 58, ozonated water

transfer walachizdcandcficinagser wat¥e Tforh efftd reeased r RBsehvougheRty
val ve 60 and reservoir exit valve 68, and punp 54 are activated, and

retreat edteks €16 iapd P8yurAeaatedr ¥3keTor FAuE athrGugle Pds@ndoidiserpey pi pe
61. The Liftf M dciaS r%%?%% ul RLL P, EYE! ﬂf&FU&%#%‘ﬁﬁ“éﬂ%@r@%e&@§i¥alUe

set in the mcro-contro onation I n the 'storage reservoir an
re-circul etitorvdlsreusial lapd padp bA paeabtklvatedyuraesl 3zttreal3edswhernt isal | y

how di f f er ent t des. fi 3 filtered wat i
ozonat cd FHCBASINIOT REIRE, 3 CRERBED SoSSRer s M TS0tk fan JAPve 30 i s

open and gife WHIREhIG ire-epecalbifon OZ98te gEHeFidRa dimildkel @RoRBegeagnAt or
32 is fed through ozone deIiverﬁ pi pe 31 and ozonation pipe 29 into the
ozonat i onS¢kat? i THERPSCOPETORiL§hre 3a shows the first

Ozonation in the storage reservoir and re-circulation is usually

made in parallel.
Figures 3a to 3e schematically show different operation modes.

In figure 3a, prefiltered water W2 is ozonated in ozonation re-
action chamber 18. For this, ozonation valve 30 is 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 Ml. Ozonated water transfer valve 52
and reservoir entry valve 60 are open and the pump 54 is operat-

ing. All other wvalves are closed.



ozonation batch. Ozone transfer valve 34 is open. Al other valves are
closed. As this is the initial batch, no water is contained in the storage
reservoir ' 3b shows transfer of ozone treated t he
stor- age sg(s)ezg@%ggrﬁ%8 in Mode M. Ozon'?llied wat er transf%@/\ﬁlg%oveosé%s and
reservoir entry valve 60 are open and t punmp 54 is operat- ing. Al other
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anot her operating node M2. In this operating node, the conplete contents of
t he ozonatiigurer 8acthowscaantiesr ldpetavind eerde Mensier tadst opehet $hgr age
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operating such that water is re-circulated fromthe storage res- ervoir 48

through @hdeyier cgPaRIF6A FraRtmert i igie ésdaroithrexsh thepéibbeandse
reservol rarfd“S@ﬂ @zgﬂa@%daﬁa@@i‘l tﬁénélfeﬂe \ﬁa%vel '52{)}1'55 clBQ%[‘laEhagrgQg?vo? |
ed. It Is owever, I el

ot her valves are clos possi ble to ozonate in para
raw wat erexcidntvailived 6i8naodonaseéovoir eactiwrvalhanttdr at® opea.sPompab4way as

shown in figqure 3a. igure 3d_shows an alternative re-circulation operating
rode Mo PRS0 s e PGS B At TR TR e TPV St B6REF e EBponed
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figure 3c, in addition, reservoir ozone delivery valve 64 is o?en such that
ozone entR¥Re thfe afidorggerveser oRTFY BPe G Wgll Bé @i®sobvedPnthdser

cont ai ned, '&&Q%é%&g%ﬁ%@ﬁgg vaffeand-Mdilo R fad throughetbe,
re-circul ation 1"ne in- cludi ng reservolr exi t p1 pe 66, reservoir exit val ve
68, pipe PEBiperbbzohikteeis pérahtebBraw wadldr aontadeedoin embngtiahve

reaction chamber 18 in a similar way as shown in figure 3a.

Figure 3d shows an alternative re-circulation operating mode
M2' . Reservoir exit valve 68 and reservoir entry valve 60 are
opened and pump 54 is operating such that water 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.



60 and reservoir entry pipe 61. A new batch of raw water could be ozonated
in parallel. Figure 3e shows dispensing of purified water Wb i n anot her

oper - atiy\g.5edsB- A new batch of raw water could bep paral- le
VIO 2006/ 089840 PCT/ EP2006/ 050768 22 Claims 1. A device f ; ?or purlfylng a

liquid, in particular, poten- tially npm-potable water (W) from a source,
that is contam- nated with m crobi ol ogical and/or netal ions that can be
oxi - dized to a higher oxidation state, conprising at | east one ozonation
unit €C8xibei ng hydraulically connected to the source for treatnent of said
liquid (W) with ozone (0) and a physically separate, treated liquid
storage reservoir (48) hydraulically connected to said ozonation unit (8),

wh d ded wit | at 8 54,60
or r:cibod el Phg Lkl Gob BHELEVEaPen FHuia: CupoFPoRiaara &r )

reservoi re{48)yt ReRUgLtabl 8- wﬁté%U|ﬁ§905rbhn§ 666rcB89, thhk %@ﬁcﬂﬂﬁk@hﬂ said
re-circulation line (66, 69, 61) is provided wth at least one filtration

unit (58,n86%d Wit mevreblelpglpaéf andbby aeé*,eitdnanSt @h@Jtamnnl benioxti -at
tion_un nt of ozone (0)

| 8
and i t 912881 Bged reéab%( BkiGeh10BraLIER, Bbuprdsifiol A) 14 el

wherei n sgkdndeybfeunit i pb@theﬁyakhﬁ1168§m§ £6Anel3kd @b @Znhating said
liquid (W) in said storage reservoir (48). A device to one of the
claims 1 epuzcemﬁeretneatment of saild leguépr dwrlét warh iorene66,0)6Rnds1)
forns a part thraullc

a phy81ca y separate, treated liquid storage reservoir (48)

hydraulically connected to said ozonation unit (8),

wherein the device (1) is provided with re-circulation means
(68, 54, 60) for re-circulating said ozone treated liquid
(W4) from said storage reservoir (48) through a re-

circulation line (66, 69, 61) and

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 (W1l) with
ozone (0O) and with a storage reservoir (48) for storing said
treated ligquid (W4), wherein said device (1) is provided with
means (64, 63) for ozonating said liquid (W4) in said storage

reservoir (48).

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-



connection between said ozonation unit (18) and said storage reservoir
(48). 4. A device according to one of the clains 1 to 3, wherein the device

(1) is provided with means (54) for periodically re WO 4

PCT/ EP2006 SBEE93 o1 r oul at | ng said liquid through sé’%ﬁ‘%‘%—g‘gﬁﬁ’f%ﬁati on
line (66, 69, 61). 5. A device accord2hg to one of the clains 1 to 4,
wherein the device (1) is provided with punp and control neans (54) for
re-circulating said liquid (W) until the anmount of pollut- ants to be

renoved fromeiheuldwnig M) 1aynsa dhbhghabhod redcirdGbatbdl) lindelgny a
pre-determ nable |l evel. 6. A device according to one of the clains 1 to 5,
wherein the 6%il%¥ation unit (58) is adapted for renoval of arsenic com
pounds and/or fluorides. 7. A device according to one of the clainms 1 to 6,
wherein the filtration unit (58) is an activated alumna filter. 8. A
device according to one of the clains 6 or 7, wherein the re-circulation
line (665-692 @ayice greridaw Wit IPng Pfr ther clairs rhttont davhieeeimsdhe

et tvared oarkER% PR e Pidy Wlen Bbinl 2k cBEELSL ARkandY [ kor | o
wher ei n the rezehathlatimg tsaid) liisndelsi(aeduhoil atbat ahowhis oD zorldhiton of a

guantity of liguid. 10. A devjce according t of the, claj 2 to 9,
wher ei n” sai d@? BvheePs sr?i'?%‘(ﬁ‘ijeftef% t%%‘eal&_gﬁﬁac?ﬁgh ?XS?? %t%%ﬁ%’zona-_
tion chamber y(16) (86d $de S VAR rLprevaetetABhabYREI &8 €X- cess ozone in
sai d ozonation chanber (18) is transferable to said storage reservoir (4B)

t hrough sai d connection (45).
6. A device according to one of the claims 1 to 5, wherein the
filtration unit (58) is adapted for removal of arsenic com-

pounds and/or fluorides.

7. A device according to one of the claims 1 to 6, wherein the

filtration unit (58) is an activated alumina filter.

8. 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.

9. 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.

10. 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).



WD 2006/ 089840 PCT/ EP2006/ 050768 24 11. A device according to one of the
clainms 1 to 10, mherein said storage reservoir (4B) is connected to an
ozone generat or by neans of a reservoir ozonation ¢ 63). 12.
A devi ce a&(b?oﬁi‘/% t% one of the clains 1 to 11, wher ei Cﬁ‘z&&%éé"?@ﬁ
reservoir (48) is provided with a vent2&ilter (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 claims 2 to 12, wherein the device (1) is provided
wi th one ozone generator (32) con- nected both to said ozonation chanber
(18) and to said stor- age reservoir (48). 14. A device according to one of
the clai Mg, 1at @edBce MtESidid &0 dRM ©F th t3aRREVided 10} hwRepsi® DA for
f eedi ng sai d lig- uid fromsalid ozonation chanber (18) to said storage
reser- voir PBSFagPreg|ERNIL at48 denseanectpewtragd. 018Re AgeRITIECACcor di ng
to claim 14, o o to said
storage reserégfr %Qg%ﬂ%?fﬂy vé%%%ﬁﬁ%§ﬁ2£ggg?%gg? gé#ﬂ%%eﬂ€ﬁ gﬁg% a way that
- in a first operating node (M) said punp (54) is adapted to feed liquid

(WB) from said ozonation chanber (18) to said storage reservoir (48) - in a
d d \Y/% 4 apt late | d
e B 2 AR RES, (R 58l R, (ke RS ehouf e LRl ARl 1

(58) and WO 3@66989ﬁé£)eREHi]EPQ4H)6/1Q5Q>m1d%51 W:thﬁ a tréntdfopeéﬁt (5@ node
(MB), said punp is adapted to feed purrfred | i quid é fromsaid storage
reservoir tofor removing ozone in a gas when gas is vented out of said

storage reservoir (48).

13. A device according to one of the claims 2 to 12, wherein the
device (1) is provided with one ozone generator (32) con-
nected both to said ozonation chamber (18) and to said stor-

age reservoir (48).

14. 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 (1B8) to said storage reser-

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

15. 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



a dispensing pipe (78). 16. A device according to one of the clains 1 to 15,
wherein the device conprises control nmeans to place the device in at | east
one of the follow ng operational nodes, wherein - in a reaction and storage
node, ram1ﬁﬁ9éWmW§mg}eated in the reactor for a pre-detEr AR %525 e
treatnment time, after which it is punps8d 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
time, whereby watgraf£e0d spdesempidodss (M) ,Cxakadptipoughathptéil ter and
back to the reservoir and - wherein in_a stagnation period ozonation
treatment node, fafg mardfied iEidkdlti)ofroFasBde sRETREE FESRFVOLF 19
ozonated for a pre: i i d after per- determ ned stagnation
periods if the pérF?F%%ﬁg%ﬂfg%ﬁﬁgggﬂﬂfor a pre-determned tine. 17. A nethod
for purifying a liquid, in particular water, com prising the steps of -
ozonating the liquid in an ozonation unit (8) - transferring the ozonated
liquid ( 0 storage reser-. voir. (48)...ther eedi sal i quj

t hr ough \;)[Ba‘l éaé‘taéVlgﬁea F?fgja]f(’a‘ir’otno uénll{? °(4€§")he- }?:?Lea?%%r f(%ul%gt ?L%g gggagfﬁqtg‘a from
sai d storage deeSekVebhpr{483 throtgh medres did @llaalel @hel dBEic66in689t 61) and
back to said storage reservoir_(48) through at |l east one fil- tration unit
(58). WD 2006/G8Fs320°pef/ EP%O@%JL%%W& OPRg- g Ong LnBRsE - a¥BBE8LRg to claim

17, wherein said liquidis re- ) )
- 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,

- wherein 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 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).



circulated fromtime to tinme, preferably if a pre-determ ned quantity of
purified water (W) has not been dispensed for a pre-determ ned period of

time. 19. A nethod according to claim 17, wherein said |jquid | -
ci rcul at ed VALY H/E anount of pollutants to be renoved #WOQ@SQ%S

filtration unit (58) is reduced bel ow a6pre-determ nable [|evel or wherein
said liquid is re-circulated for a pre- determ ned or pre-determ nable
period of time. 20. A nethod according to one of the clains 17 to 19,
wherein the ozone treated liquid (WB) is fed through a pre-filtration de-
vice (56), preferably through an activated carbon m croporous block filter

bef ore beiggaf adthbaONgRo S@i gy fid te@dindN Ynivhered8) sa2d. 1£qiehpgd agcordi ng
to one of the clains 17 to 20, wherein a pre-determ ned quantity of |iquid
i s ozone treg&isgulatsdi fromzoHer itoh immberefegrbakdither Bra-dpeSTrbagdd
quantity of LLaukdyi 5efedr! s dq I A WSS BaLOhbe (A8Lnakl penabd £4£3L -
ment. 22. A ﬁé?&g%?yp§ef§r5£ ? accof%?dbeﬁo one OF thencla?%% 17 to 21,
wherein - |i gueddeseombnad eperiv@nodzuim.i on unit (8), - ozonated liquid
(WB) is transferred to a storage reser- voir (48), WO 2006/ 089840
PCT/ EP2006/ 050768 27 - the liquid (W) in said storage reservoir (48) is at
| east tenporarily treated wth ozone. 23. A nethod according to claim 22,
wher ei n exress mezdbe bBcsafifing ozeONEtdn 1Mi twhet8)ini safiad1lfiqusai ds steF age
reservoir (48) at _ least tenporarily.

circulated until the amdunt of pollutants to be removed from

said filtration unit (58) is reduced below a pre-determinable

level or wherein said liquid is re-circulated for a pre-

determined or pre-determinable period of time.

20. 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) .

21. 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.

22. 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),



24. A nethod according to one of the clains 21 or 22 wherein ozone produced
by a ozone generator (32) is fed to said stor- age reservoir (48) through a
reservoir ozonation connection (63). 25. A nethod according to one of the
clains 17 tHO3W06/0§#$&% ei n  ozone contained in the gas phaggT’gﬁmg%{?’ﬂme?t or age
reservoir (48) is renoved froma gas 2Ureamexiting from said storage
reservoir (48) by passage through a vent filter (50). 26. A nmethod according

to one of the claim17 to 25, wherein the liquidis fed to said filtration
unit (58) at _a cengt @m&uiaowfai@ sdld AJRIGROGReebdirngabp 98e;0f the
claim17 to 26, wherein - in a first operating node (M) liquidis

transferred fronﬂegatdtgﬁﬁﬁé@rbhyChﬁﬁﬁéﬁi0@8& g o8&i-d storage reservoir

(48) by a punp (54) - in a second operating node (M2) liquid is
re-circulated through said filtration unit (58) by said punp (54) and - in
a third operating node (M3) liquid is dispensed by said punp (54). WO

2006/ 08982). RCTicERRO068t060d68g 28 @iﬁinAZﬁﬂlﬂhtnnimoeamﬁg5tozone bh said
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t hrough sai d ifddsitr ale@Breitiy(58). 29. A nethod accordlng to one of the
clains 17 to 28, wherein pollutants in the liquid are oxidised during
ozonation in the ozonation chanmber (18) and wherein oxidised pollutants are
removed in said filtration unit (58). 30. A nmethod according to one of the

claims 1750 2%hetMiR @icRording to one of the claims 21 or 22 wherein
ozone produced by a ozone generator (32) is fed to said stor-
age reservoir (48) through a reservoir ozonation connection

(63) .

25. 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).

26. 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.

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

- in a first operating mode (M1l) 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).



- in areaction and storage node, raw water is treated in the reactor for a
pre-determ ned ozone treatnent time, after which it is punped through the

filter or filters and stored in the reservoir, - in a iodic reservoir
ozonation’gﬂ&mF@@V%?e node, water in the reservoir is gg%hggpggﬁﬁ d for a
pre-determned tine, whereby water fr28n the reservoir is recycled through
the filter and back to the reservoir and - in a stagnation period ozonation
treatment 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- determ ned tine.

28. A method according 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).

29. 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).

30. 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.





