10

15

20

25

30

35

WD 2004/ 018733 PCT/ N0O2003/ 000296 1 5 10 STRUCTURE
OF AN ELECTRODE FOR USE I N AN ELECTROLYTI C CELL. The

w@emgem73s nvention relates to a structure of aPC1/802003/000296

el ectrode for use as an anade/ cathode in an
electrolytic cell as stated in the preanble of the
follow ng patent claim1l. Further the invention
relates to a nethod for preparing 20 said el ectrode
structure. The invention also relates to a use of the
electrolytic cell including anode and cat hode as
menti oned above. 25 The invention relates to the
technol ogy concerning the production of oxidants and
radi cal s which are used to oxidising and elimnating
organic material in liquids, and organic materials on
particles in liquids, and for destruction of
bacteria, spores, mcro organi sns, algae and 30
virus. Known nethods in use today Today anodes
(el ectrodes) are produced by the use of elec- trolytic
coating a substrate with thin |layers of precious 35
(noble) metals. However these el ectrodes have a
particu WO 2004/018733 PCT/ N0O2003/ 000296 2 larly
short |ifetine BiFTHey o MbELESITROMEe FIS& ng exposed
to high vol t agescover aki AEECTROL eyc acer,gxposed to
high voltages they will burn. During the process a
di ssol ving/- precipitation occurs fromthe anode so
Thehgraserits igoremnddenh red dffeer ¢d & altsaca upeoductainon of
eﬁﬂyﬁygaéﬁfdﬁ“ﬁ%éﬂ%%a%% %qu@ﬁé%ﬁ%o%f 3Hch et %%%ro% ic

ich do not hel ong
ce as stated in the preamble of the following patent

claim 1.

Further the invention relates to a method for preparing

said electrode structure.

The invention also relates to a use of the electrolytic

cell including anode and cathode as mentioned above.

The invention relates to the technology concerning the
production of oxidants and radicals which are used to
oxidising and eliminating organic material in liquids, and

organic materials on particles in liquids, and for

destruction of bacteria, spores, micro organisms, algae and

virus.

Known methods in use today

Today anodes (electrodes) are produced by the use of elec-
trolytic coating a substrate with thin layers of precious

(noble) metals. However these electrodes have a particu-
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preci ous netal group, but these are quickly corroded

in use, they do not produce the desired oxi dant, nor
W@ a0040szy3 10 be exposed to the desired vol t agePCHNORIVB000296

| esser-known nethod in use today involves that

tantalum iridium or a mxture of these are rolled

down to between 0,015 and 0,035 mmand is welded to a
lagde shor tad ifs tdmeda@nghitbleyi slomagé ¢Pleiresri bming exposed
toahqghnw%qm%@e%oa@%& tBhe .1 HifS cRRLNAG 8 kEbEEHORB! high

is used.. The lifetime fof these electrodes’is

VOH&@@@P thEy &t lih&veiPecMEddd that PEPEeSRnde By SQs818E/ ~
prekegtiraltysns . ocbiey tfalogr ahe ubstcarbi gahky iki gBetorroded.

vol tage and current. Wth these advantages in 20

vari ables for electrolyses process, i.e. voltages from
Thgre3g86Vadme eumrrenis tiioomod- 200QcAmpdr pyreamgitriigr erof

a19%hdaptes b%hp&@Q%Q%d bﬁ@lw@h%g AoV BbY Bb@@nbeﬂgtkﬁbty,
power and possibilit uncti onal bal ancing of the

Pr@Fﬁ@Pé E?F&énﬁgcwﬁ 2%ué16§eseogreoﬁulﬂééz Cepr ogreHin
us@), th2y exceed pgddwecethecdesfireandxidducesnbliecan they
undeS|rabIe %ffe%t %%dOXI?%ntS from anodes produced
b 8ther St s Fi atPoris for the preparation
by these nmethods are the variation span in the

An@k%%%rge%%e%Jﬁﬂﬁ%n Rt hewalpl g skt +o3@ '§n%BQW@st@ﬁBt
platinumiridiumalloys (Pt/1r) incl ug nor e _t han

ta?@%llufﬂl dildrhdidmi O Ut X8 ol FH®S St 8r€h601é6§| feyn to
betthle@klne)ss)lsT@dlaly 01,10 35S mn @wal tllaameuhledaltboy ¢cakeb€or an
anoglle% d%wn to e n%cron 9u033 H er . co
concentratlons FB even greater 88Fens
thaﬁdnﬁh®0@r@péﬂe@thmdalsaeéﬁngm Becowes . bEhEtﬂefetnmesfor

th@%%er%%%&%@QEe1%hQBnb@% fQlaly @@ %QQ4@Q%§z§§des that. are
CT/ NO2003/ 000296 have a h i gh degree of hardness_in

ma@@d@ﬂ Péelﬁéf@é@étﬁﬁéysﬁéchgﬁ@daFoﬁ§§@§?aﬁ€€SFénﬁéé#lY

highe rt @@ﬂ.tak_gldar taher i enthi gkress heket havfaaltbgles in
deci sive dn how nuch of cert§ oxi dant s

Varlab réducéd i eCtggﬁVS%ﬁ Pi-§6i®d “wi th ®a goglvgﬁsvoFPQge_
38@Nda@drp@mmenwﬁ ifs o Ot-ROO Ok Aowr relsat af piixture of

oxidants is produced including a very high reactivity,
power and possibility for functional balancing of the
single oxidants (Cl,, Cl03, O3, Oz, Hy0,, OH, ClOH, 0O),
exceeding the effect of, and reduces the undesirable effect

of oxidants from anodes produced by other methods.

The limitations for the preparation by these methods are
the variation span in the mixture of alloys. For example it
is known that platinum/iridium-alloys (Pt/Ir) including
more than 20% iridium is difficult to roll down to the
desired thickness. Today it is known that the alloy can be
rolled down to 33 micron (0,033mm). Higher concentrations '
of Ir leads to even greater problems, and the prepared foil

often becomes brittle. It is also desireable that the foil
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exanpl e pure platinumtechnically may only be rolled
down to 15 mcron (0.015nmm). Below this thickness it
WO 200001873p0ssi bl e to obtain a dense foil (w t hpCt/NO2003/000296
pores). 10 Recently methodssfor vacuunt pl asma spraying
of tantalumand precious netals according to the
abovenenti oned net hod have extended the potential of.
hawseai highategetkods herdspsayingordért hbnhaerrkager she

me?ﬂ%ﬁlggﬁnrQQY%E%R%@ t@n@eék Lhg %@Q@ tFH?thEQCEﬁésed

e variation span _of the m xture of an alloy 15 wth
th}@é%?ﬁér@fdéﬁ§|€y}laﬁé fRGdSiHe $peePfPEMaPéRIohoysBuch

ofhasrbeen extcaded. lEh@r&@@wadehacbrabytb@npn@qasaeﬁltn a

dts rm rovi de,Cl2 dat
sikeh, ReTRaSRuants Sietst - T6 16, 2sERe Bk Bk b End oap
ex@)rpaee phorepér thanmbeshoheril ¢ al pyr eadyi e, rahdedr gown
opﬁ%VhQ%Qo%y (©0@hishgh) @ %%Q%%rQBQSW%BQCkHEQE'QHSﬁgehéks

where a vol t age is expose in range where
pogeipafr 4@aphits iexcedgede 551 (YhESEVEORPERENtS t he
radicals are in particular the nost powerful

dat i both wi th d t
e Qg PRBTE s LRE. dPPebr U RaT RgSREC4A FoRbolnas2ppm and
premg@nScmE&Béﬁlabpofﬁhegpm@bkeﬁ1ebOWh@enh@wned method have
exBLAGLLOLYE BorREAABISET Lol AL thie kBdheaks (6angplaheng

i se ¥ﬁ§?ve a fetime of housand
ofoﬁh&ﬂ@@éoﬁ@ygﬁ@ @@@e PeﬁGWélsﬁﬁg pPBeedt (BPySemgsEime

int@ebBedsihlaca rafatlibe spaadesr Aneonliytarveby Sﬁabhloy
igﬁrg f th% li %Id anount gat % %ogdu t.ed Ehro use
w 083t POt FETEHY ' ndikSs TE8Ft 56 SREER tlﬁl §5Rodic

hasubkaoe exdtangedanount s of |iquids cannot 35
effectively be exposed to radical exposure for
reaction WO 2004/018733 PCT/ N02003/.000296 4 with
Ther FaRWe CRsdEvdy t isadreciessevi tis 166c SRt eRti form
r@&&b@eélgoabeaﬁlbnhaategnfa@@mghepurqweﬁ oXh@sfits (ClOs37,
S orm rogen_at the c
O35 Bhrar'GSEn PhnersOhon d%FSbFéw?ﬁ Tt 57 a7 B %?emlcally
re@xmdaﬁbsamw are prov1ded by coating a substrate with
precious metals where a voltage is exposed in a range where

the law of Farraday is exceeded.

Of these components the radicals are in particular the most
powerful oxidation agents, both with regard to power and
non-desirable side-effects (halogenated compounds of
organic material). The problem of the known electrolytic
processes is that the radicals cannot be utilised since
they have a lifetime of a thousandth of a second ‘and are
therefore only present very close to the surface of the
anode. As only a very small part of the liquid amount that
is conducted through an electrolytic cell makes contact
with this anodic surface, large amounts of liquids cannot

effectively be exposed to radical exposure for reaction
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the anode since the hydrogen forns water when it cones
in contact with the oxidant. This applies in
w@aooiocsrBar to OH radicals in contact w th hyPeDyOR003/000296
The hydrogen gas also reduces the conductivity of the
liquid when it is present 10 in the voltage field
b tween the anode and cat hode, and in contact with
ArIRIEL C | FOTROWHEN 73 0TR IUS pafients & E28 87k et
ded motd ot ythe «llhhinaglesd ghsomave: beemidevel oped with
anodes /cat hodes made of 15 conductive porous
el ements consisting of netal, including noble netals,
KWt &8 Jrspt 1o lorh e | ek &F s e Visrrmd Inal lgeirh .at estpandechode .
HiE%éﬁeﬂ”lé%Hf%”béﬁ%tdeféﬁf&”kﬁ%”%%kﬂ% tdh Yt oxidants by

retlcul ated vitreous carbon and net |c foa
the rARRI% [ NGHARRIY S TP f FRUMGR IEIR tiffe comes in
caffdaentits fassed &hit n ibﬁty\&{qulae“sloaeﬁrda&rtq%kl@rtd to OH-
i e foo0 rea .(,o sol uti.Qn The stack i1s
* c?l&%s "bge earcacaﬁ“' tglhnodyec} HHode T%e) P I aed also
r@ﬁjmﬁ?pdllm Qﬂn@qfoﬂ\alrty )8 strim:érlqtuqorwémnut shomrestent
inThenefdd uafe i 81 dRePARIGH dH: RAHA Sl MR HRR, and in

anode/ cat hod%/ spacer in the process. 25 Furthermore it
CO gt thdt" USIRf%nt 6, 342, 151 conpri ses

anodes/ cat hodes nade of perneabl e conductive materi al

Itsel ec}lnoquI raQm,t I'U?S %O%erm_f %ﬁz}tﬁ%%p@_&erf g girtoqytlc celll. -

SCreens,
desﬁleﬁfkﬂ dwvesthssin I3y edlqpFchinirgh coppers, /gagthiodiezethade of

cddd@t i girts Bidler®d d€%si FAlng &3 2eld ph%kﬁ%dlng

teel. Also this electrode use spacers to preve
2l5et WerFadhsde THAR dRtliiGde Arheir vains Wamee cloth

exyetrideen nsaiad QﬁﬁnﬁnﬁﬁﬂﬁiﬁﬂQ S Rl oo nWRo2RGA AR A3 3 ¢
ré%?@dY%%QQ? Q us car IS me HF%:gﬁq€lgg%F§F3%%r%truc—

I NCr eases Curren ConSUWp
tYsreociess vt eed wees fdodwtdapaciteye theoedflileat is passed

Jj?%ﬁﬁ%kﬁgﬁaugghkéf?dﬂd%% veld éﬁyﬂg@etQ%toE%%lb@%ad%%p%%
solutlonq The stgék is clamped together and anode/cathode
are separated, mono polar or bipolar, by spacer to prevent

shortcut. The effluent is then passed in parallel with the

anode/cathode/spacer in the process.

Furthermore it is known that US patent 6,342,151 comprises
anodes/cathodes made of permeable conductive material
selected from the group consisting of perforated plates,
screens, wool, felt and weave made of stainless éteel,
aluminium, copper, platinized titanium, mixed metal oxides,
gold and gold plated steel. Also this electrode use spacers
to prevent shortcut between anode and cathode when distance

between said components are small.
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My and Ca content in the -effluent treated is a
substantial problemw th respect to electrolysis. The

W@ caitionsg3pr obl em occurs when velocity of My apdr/€82003/000296
contai ned effluent (such ag sea water) is passed
t hrough an anode/ cat hode reaction. 10 If the velocity
of the effluent is too slow, a bridge of «crystals

Ttwibl wa¢dekepani hjabesparkrshétneeasanoder amut cathodetion

1nCQHSETQCEQHH&@QCOErEBQSQrQﬁ@s§edb@8569§bﬁgc55§c1t
vel 00|t¥ﬁ|n Such extent mght prevent this in suc

theevght tPRafl&FFIRESand Ca build up are transported
away before it 15 attaches to the cathode. Another

way, _provid hat anpd cat ode are_o
Ite&éaFBFSagFﬁge&38Wer?§ ; fgu?éng Farhat 2° %ln%o %?S § by
Mgoéndhéaanodeeand1nheheaeﬁ@deeneguraatyd Thea suhstﬂgtlal

prégﬁéﬁ gaﬁhtggsgékbogs @§eb£rb§¥s£§Ve@B§dséQl§H8d§ro€Qem

is an ob I nvent -1 on rovide a new and
OCFHﬁﬁoVEGH esﬁgﬁﬂG@tPSnMafaPﬁeCél@eﬁFéa@e?hﬁﬁfluent (such
as€kibll Rates) emer g¥skessesrodyt tn Aredeptaspacer ragdtion.

still allo se. dis bet ween an ode an thod
T bhRoub P ReR Yo e Rbft BEETugnty E5 BOR, Ahgie 2 B EARaCdE
cryanmBiwmlﬂoaabbéamhange bbohulwerbﬁcﬂbenhanggh ahé
cae %aeregﬁswnb'@oﬂaaﬂgabelEaefHkbceggfe@ﬁeysag§§go£h&he

ectr ol YSI'S I N order to grevent foul i ng
Ve%@éPFﬁg}HBGuFP FEt&RToB 8B BFeVﬁetuﬁOéﬁt%BnSPsh extent
thpeowildevg Bew @adbuilipr apedreonshhypbiroadodwan before it

| ectro to are oxi dant,;s ,a
atﬁ@ﬁ F8n38 g%&vga%g8 exéﬁpleeélﬁayC18§OV18§d gﬁ?t anode
anazaath©GH)ar@Cb@Hﬁ@meop; andawhicehcopvenvhtgreah, is to

alHE %@ %ﬁewgﬁlEQQ%gabprHQUSBBQQ ahqat beesukfREge Of
733 PCT/ N02003/ 000296 6 Furt her

reBPlP§13n dbesceCat inAveHESENOtS pRevFaehadfedsant 15

reverted to anode.

It is an object of invention to provide a new and improved
construction of the electrode that eliminates energy losses
due to need of spacer and still allows close distance

between anode and cathode without risk of shortcut.

It is an object of the invention to allow large flow
vertical through the electrode while maintaining full
effectiveness of the electrolysis in order to prevent

fouling due to scaling.

It is an object of the invention to provide a new and

improved construction of an electrode to be used to prepare

oxidants as mentioned above, for example Cl,, ClO3, Oz, O,
H,0,, (OH), (ClOH), (0O), and which optimally can utilise

the radical production at the surface of the anode.
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I mproved construction of an el ectrode where a reduced

oxi dation effect due to hydrogen interference between
wanmdei1s53and cat hode, and on the cat hode, nmay BPET/N02003/000296

elimnated. It is further am object of invention to

bring substantially all liquid in contact wth an

area close to the anode where the radicals are

produced, and where radicals have a 10 lifetine. of
Fusortes tt hiou sia csn ojb;s@:d:tonxt (ﬂﬁdéritﬁﬁﬁﬂﬁﬂ:s)pro‘ﬁ_dé"% new an

]ﬁﬁdc]' S-&l ) 0 nant X ent, a s
i \F@Ar ecgar%]{%&nlo% eirsnl L1 S|rdDe ef"? C:%S %ff
oxgydadaltqrore £ frfntdie o jhy despmmt |Jaitefrtfrenernw1tbe\xmm anode
arfOMRANRH tdhd tdhe SHate ofoart ﬂa%ﬁm%olquﬁlnar{%h the

radi cal effects on 15 the material’s to
di si nfected/ oxi di sed, are considerably | ncreased. It
Ig asali‘sxrtaremqueaibjﬁcﬁ hef iinwenitioh to Prapy euddtanedelly

Iy [ of ener |s Lonsi rably
al"ﬂ“ d(}&g%)vﬁ? Léﬂ:{q:tl‘“gﬂzconnec IS 0 98 i rc% anbde where
é(ﬂ%Or@ngt @ tch @ 4 areTRd, 0@ nich wheslrat irenlitce lishdavel ame
lﬁﬁéﬂﬂﬂﬂ“dttébﬂEEtHBﬂgyﬁaé dit de3 RSN 19084 Eﬁ%f As the

tlon to . provide g new and 25 i nprove
”\i&ﬂh 9 85% %ﬁ%@%@%%@%ﬁ& &9IeR} elfdSOr Uééh
re\gatrhi etdlﬂlrg:lwdemerrfammmeiel I’éﬂf‘é@ttshaalg tflmerth@rre\esixqusuon
rt is.an o
i n\clt\gr]ﬁ fiongtgoe rsoevnt elgi al}g)re inys oflvteﬁ‘éejsgl’e@tof“é)&éedTWéth
thgevitede tafe améi Hehaed oglye  rde tacder diadg ced elffidects on
theN YR An 13 & o har 3618 HIFRed B N8 if s%?it u(r?.ec% %%H%iau.ﬁ'e?gbly

in the characteristic clauses of the I ndepen
ingraa®ed-35 WO 2004/ 018733 PCT/ NO2003/ 000296 7 The
further features of the invention are given in the

depe t ¢l re tivel Accor d| n
It '55 3
q%sg‘%t%l?)l r?\%le%tb oer(ft 9 % od 'y pr)lrtO\?l gepare an anode

whereln the consumptlon of energy 1is con51derably reduced
when it is connected to a circuit according to the
invention in relation to the volume of liquid to be
handled.

It is also an object of invention to provide a new and
improved method in which it is possible to simply prepare
an electrode with a higher performance in use than the

previously known electrodes.

Further it is an object of the invention to provide a use

of the electrode.

The device, the method and the use according to the
invention are characterised by the features appearing in

the characteristic clauses of the independent claims.
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5 which is suitable in using wire, knitted, woven or
plaited wre nmesh net of netals for use for, and

w@e@doct7dBdn of an anode and/ or a cat hode whi cPCTYNY2693/000296
used to produce a mxture of oxidants, and in
particular radicals by use of electrolysis. 10 The
invention is characterised in that an anode is
Thasseprbhed wehbuwesesfothwi ievarshonkai¢tedven jphaihed

ta ni gbi haf nj um zirconium platinum
de?ﬁ%ﬁeng] hagkafung ﬁn%ﬁe§|3%] pal | adium or an all oy
thereof, or a 15 m xture of different wire's of the

AcéBQM§H§n£509ﬁQ E@E@Ent IHGehBY@Hthoﬁet§o§h§§a§£6ﬁi§@@
the cathode is assenmbled with wres or

whhEShi<kAPEERR 61 1Pl 4PLBE B 160 LFed wrpgen B plalfed
wihkgheshahkeyed gpemnduetfve and fesjstadtprl@uobieniaf.an

Fyrt her, ,the_i ny Lan s ghaLacter
anﬁﬁ gng(o anoge%ﬁgdgswhﬁ %ﬁ %S h§g ng epgau&OIne
miskose pbgexhdrntwi t Bodt lghéartei:\déart reghfact lPlri ppatof
c18c8¢Pagatison nesh, 25 nenbrane or coarse crossed
squared nesh in a non-conductive oxidant resistant
mat eri,al, which is arranged between the anode and
Th@aﬁh@dathanOﬁéebhh@asepaﬁaée ttheseatoaprenede as short

cir |t con act.. 30 Ac i 0 rred
asssw&zalnent of 1£R& Fﬁven ?oﬁg he gﬂgéﬁggrggoﬁéaét?d of
tamaaémmalnaaylm@,ahaéng@@,oﬁlrﬁ@nan@deplaﬁanéathéa@dlumr

lrlQQh%'d%@khanhm!n %1@@@&%& sgwakg Ratber Bheradd, Moy a
héreafter insul ated f oxid

dyr ab
ml#ﬁ§&ﬁa9ﬁn&1ﬁ§€éﬁp§lWFF&E]@FeEgFoF P@epﬁngﬁag?gtgekal
provi de aﬂ WO 2004/ 018733 PCT/ N02003/ 000296 8 even
current through flow t he.ex d, w.r 0
Thi A& VEoE: gpe&% hgrﬁﬁgentlgﬁ ﬁg gﬁ%?aéﬁ%rﬁgggggﬁ ?
a sarode/ecaicte vig 5 @ﬂr@n@@delmeéhﬁléwiéﬁeﬁleﬁlﬂlﬂhFéﬁ of

31R3S QNS LN QUIR iR r alloyed conductive and resistant

material.

Further the invention is characterised in that the wires or
anode meshs and cathode meshs may be joined close together
without short circuit contact in that a separation mesh,
membrane or coarse crossed squared mesh in a non-conductive
oxidant“resistant matefial, which is arranged between the ‘
anode and cathode in order to separate these to prevent a

short circuit contact.

According to a preferred embodiment of the invention, a
superior conductive material may be arranged on the anode
and cathode, individually or in a coarse square pattern,
and may be thereafter insulated by means of oxidant durable

insulating material from electrolyte in order to provide an
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anode/ cat hode, or that the anode/cathode is arranged

in a vessel for production of oxidant. Further, the
WO nenis7es i s characterised in that by 10 el ece€DNP3000900296

of freshwater one is able tg use both cathode nesh

and anode nesh in SS316L quality or higher alloyed

metal. Further, the invention is characterised in that
evey TBrelksatt tbkpsipd &f ofr eshwatbe axpover, wknet medhopr
wikkaied jnegh'  may be replaced with a plate in SS316L

which is perforated by neans of photochem stry in

order to substitute a wire nesh. 20 Advantages of the
Thﬁr&ﬁ@@htﬂew HBtbﬁdrBﬁtéK@@&?ngnekﬁﬁt{hﬁaB$¢UétﬁBgeWﬁBh

[ urrent .density..exceeding,the_| aw of Farraday,t

=g SEs Bty hop L ETER kAR 88 OF Brar: bATROGR Che
angfet/lsa timotal, or abpretheusnopetaktheddi $6l asednabdven a
veQRe12¢hieyesachigh Brodyshigr of 25 radicals and

reactive oxidants. This production inplies a

particularly high effect by oxidising of organic
Fuftherl, ak heaRdvdngi Bheeki @RariRecpresantni BMent bon

differs f.rom existi |l ectrolytic, .30 cells/progcess
e LFREFE WRE G Phct 6P WAGEEaPSS 570fBLE Rydrogenc " cathode
mepér exiddenodkl oredhoxindéS3and hypachlorict eigberpréparved
nel’s@M anodes with a'layer of precious netals which

produces the reactive oxidants, and by providing an

el ectrode structure whereby the production of radicals
Fug%%2%51g©eUﬁhbb&QdoﬂDﬁ? @ﬂh&aakbyihhanipregheusyy.dwg

733 RCL/.N02003/ 000296 9 Thi s e QVi .

L R VANSd8 Thav P ] "A SRafe HE dl R T B nBenbon L ares
mays bei selpdsced Wavhng alaiteeidi §68a6é whichr om peOforated
byTheadd ke SRAPR ALAAN Or 18 S9UaLe:aPenbag:hibr am,bre

18 mcron to 25000 mcron where the netal iIs exposed
mesy - vol tages exceeding the |aw of Farraday resul ting

in a high

Advantages of the present new method

By exposing electrical current with high current density
exceeding the law of Farraday to a wire assembly or a
woven, knitted or plaited mesh of the metal or a precious
metal as disclosed above, one achieves a high production of
radicals and reactive oxidants. This production implies a
particularly high effect by oxidising of organic material

and disinfection.

The present invention differs from existing electrolytic
cells/processes where the effect of radicals, ozone,
hydrogen peroxide, chlordioxide, and hypochlorite is
prepared from anodes with a layer of precious metals which
produces the reactive oxidants, and by providing an
electrode structure whereby the production of radicals may

be utilised more optimally than previously.
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production of oxidant close to the anode. By using the
el ectrode structure according to the invention 10 the

wo paguiods78® be handled is brought to pass a w rECTAD2003/000296
mesh where the opening in the wire nesh has an
opening size of mninmm 15 mcron (15 pm. On passing
the radical reaction wth a lifetine of sone

thousandth of a second, will act substantially on al
he liquid flown thr ugh_t h i I e,
Thé?e@?¥o ?t?ﬁo%ig%%t|%n€%$o%és§%2ﬂg ? é@ éﬁ%ﬁ%%%.lng

a meébbcofomethk ssrfaseloefed hehanbae. aVVt?ﬁt¢E§t®W@%eﬁf

frbﬂvﬁab'ﬁﬂc98§ QQt§S@§Oaﬂlgiéhcb§nQYSﬁua§§ ing of from . .
I satl on he radi cal f ect due to,the

18fBéErPRatcupo P Bl 98I 6B oFERR F?ﬁu@ﬂt?i b%s%XQQF%?o%%
vol@ab@g eZBeaﬂﬂﬂ@ vher Bathefr Bdicatisy spesul t iegrin a high

prpgﬁgahgghég gﬁgéaﬁ < 1&%8“£9 tH fggg {1 ows through the

presen |nven ron differs from
the existing electrolytlc cell s/ processes in that the

aﬂQQﬁ aggetQ@eggreééhQQ?uH@MrQeaégaggﬁﬁgdtﬂefyeCl@§@ntlon
ﬁ neans of separ atj on el enent s acer

tha géﬁaﬂét £8NnPR Fénﬁégﬂ ispPEpYPRE by B2Edat sB E‘au%%‘édm%h
whBeBs- @ﬁeddgbhmggnahethalw1récmesﬂingstanaopeﬁiegedlze of

enbodi pent .of th nvent i 3 t :
i STRG T Lol TSR B phbob8g 0, FLSIERL! Bokerion
w1kayerlmﬁeeamh pﬁaﬁem3|déogﬁanﬁéhfpﬁné seeond, Wohbvest

suﬁgﬁghQHgﬂﬁ Bﬁtaﬁmetﬁéaﬂﬁqhﬂgl@@8§19@|Vh98@gwﬂfﬁe WESH
ayer aSSO\M']|nfgure

d Q.
mesbb4 CO18733 | PETFRBZEGS) eéeégélomopf;\ee‘a?a?ﬁgOPBafﬂel ~3%
ra@@&blpéeﬁébedognbﬁdlaemﬁaca witr eheeshode. patchl the )

12 and 14 ectiy ed.t (>
pr§F88%oﬂhWﬁQt&88d Fo?gigaﬁé Tg éfk%CQQHgg h 95o§§
utsuh$Banbmabfteh9|@adﬁcﬁdeﬁéﬁ@§§ur@haﬁdlsogSPbF9 Bye fact

chaRPLyj ng @Sh@gh @@dtHé'ﬂgqﬁlgoﬁg'Bgsggﬁﬁtclgéebﬁo the
I'nduct’i on or laser weldi slnDuItaneo ﬁ Y ¢n
angdien whiege Wihee raFigalForRERE tPSFF tdf EEbFeuﬁBeE ©

1igpfifd Gremadtersican. chitdsghhehei feaebmeshed anode.

The present invention differs from the existing
electrolytic cells/processes in that the anode and the
cathode may be conducted very close together by means of a
separation element (spacer) or a separation wire mesh,

prepared by a coarse squared non-conducting material.

According to a prefered embodiment of the invention, it is
prefered that each frame is covered by two layers of wire
mesh, on layer of each plane side of the frame. It is
however sufficient that the frame includes only one wire

mesh layer, as shown in figure 1A, 1B and 1C.



10

15

20

25

30

35

mesh covering the exposed area on each pl ane side of
the conductor are stabilized. Possibly the wire nesh
w0 naiooszs3 10 paral l el threads where each tent hPOT/N02003/000296
twentieth thread is of tanpalumwhile the others are
plati numthreads. Onto one of wire layers 1-4 of the
frame 10 or said separation wire nmesh, a spacer faoi
Acagrd b9 at PVEN©rmast goF SRR | SFROHERHM ald WFrTe mesh or
pafwm@pn@w.@éacﬂlg nm eshall4 amdesﬁwyﬁﬁ@elwelewncsdtapﬁa

f d d
ea‘g"gcﬁb Pedogvv}z]}[ﬁ% T‘ﬁ r?]a‘{rﬁfg%arﬁ% %? 1$°Sé§ﬁ>(§;sgl§}%?{10nt W e
suM@B@nﬂﬁahrEea$lgmeﬁomw¢kpi¢ﬁ£miw(ﬁ@ﬁl§¢$Wubkxxﬁwrﬁﬁphfﬁﬂg
he&ﬁ %ﬁg £9ﬁ§ &Obmﬂgyﬁgtgﬁéﬁ@rqyﬁ flfW@&K%&BﬁWﬁbfﬁh&@ or

are "covere the wire nesh

laq@r1uel@lﬁ@tSé@@@%@@n%VU%%ydwgﬁ%c%ba?ow+r%6°r1$%Ff°rated

folblﬁ;gnﬁéﬁt @fldéhesufﬂﬂ@lé.x@t meyndeo®. Mmaushihe wiwes or
s acer foil e a thlckness as_low as O m

16
eﬁ?%%%ﬁ?gnbh?hgxggﬁﬁ ATSh DRtGEEN YhE Andte" é%g

conamhode suef ates}lidbds 265$h@lM@t@¢/WltﬁumE$mr qes

pa£%9¥lpr? ?Eggﬁswﬁgréh allbaPBLER oHSEyehSi8Ot thread is of
d us an electrode unit, for an anode or
taphehodewhi hel GHesotBars %B%dB%%F%%u$r%h§e%%%rng a

nugber ?mehrough fl ow 30 openi ngs 18, both pl ane

sides o i,ch bei ng coye d Wi t t he, perfo d
OnhpaPBe PﬁewﬁfFeanﬁgFagge tﬁ?%agga%? 58m§£ gg{g
sepadathenspacer mbohl a8spacenefsidelonlgf Fu?Vﬁe@rthe
pon¥§98§§a%ﬁgfﬁ§g§rggg 8f0§t98gecgﬁd§899§% ﬁQtéPQéyde§nd

or connec 8 to adequate current SU?g
haygobt ahe andct3shamer éﬁ §nevm19@b4¢>é1§17%3frame

oE%&B‘Q@QO%QOQ%%oré& | phesdehet 6pEADRYEUTS afStngl e

(the sinplest) ctrolytic, . cell ectraod n
separefoRn Wﬁrﬁlﬁﬁﬁg EGaP ©nBuAfBaY | nﬁ?ﬁagf E osg k8
opeamhg@tmeromntablgmamathsoThhattSaldhsosghcé&OWaypenlngs

'181§f Qégx%gggbeb hggcﬂeg§§saE¥ng§EanEg éﬁ@rw1§éaﬁpgﬁ

tween the anode surface
12,14 is not covered by said spacer foil . The thickness

of the frame 10 may be 5 mm, while the spacer foil 16 may
have a thickness as low as 0,3 mm (representing the
separation between the anode and cathode surfaces). Thus
the water/liquid through flow properties of the frame in

use, 1is not obstructed.

Thus an electrode unit, for an anode or cathode, includes
said conductive frame having a number of through flow
openings 18, both plane sides of which being covered with
the perforated plate, the wires (parallel threads or a wire
mesh), and the spacer foil 18 on one side only. Further the
conductive frame (for a cathode or anode) 10 includes means
20 for connecting to adequate current supply (voltage and

current) .
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el ectrode unit and the cathode surface 12 of the
adj acent electrode unit. 10 It is prefered to cover
wo b4oostetict or frane (as being of stainless sPeBRND2W6/000296
and the sections of the copguctive wire (wre nesh)
12,14 covering said frane, with a non oxidizable
material in order to protect against contact wth the
el ectrolyte, in a simlar manner as shown in 15 figure

In @dép & e&érﬁ@tl.xyﬁd"@ &e:Hn Qnsi&ld %nﬁl@ﬂum@cﬁoﬂMC
venentj oned pairs. of trode u
C% ali, %ﬁ,]ear%ounted

cebhi rigjo ShRGtha ‘émc"r?c%ﬁ 0“8} T
mu@hﬂ:yj/ at1 @9e et €cé s oitleoting ot mya]fn;meaqatmplsao hietveet spaid

f t t or
Sp?%?%ﬁ %?Toow bf[gjtg(h clijér?t%rl' {ﬁ&rféﬁ@t ro |CirjiascﬁclaglqjiCeerma\yf
exdrep bt ac£d0i hitonh pepecennehetdmefe hurfggerlt eheene

elécﬁ@%&é‘ AEEOr dhaocho thenddwentitive fDF exafmd eadRecent
own | gure 5. When applying a sufficient voltage
el?%tQ%d?h%nbhode/cathode sets, the process water

f|OMAng through the unit (the openi ngs 18) of the

W re ne b I eact |
e ACaRE PR B HScH g PRl ot S nd SPEL Mg o
stanmﬁesshSEadé ) ol Ot Ardwihe peshiond qﬁeth?aﬁfhﬁu$?bm$é%lfe

? sAB apejexpapdednyi exsq ff&ﬁéanﬁut@raaﬂ‘ﬂdn
CI rcu

ar versions) of the four
Chi Sl Tuersions) of the Tour Lavers 20, 42 1d:adf

wi8RogdreOkl6athodetwi r enneshimheare taen86 asnsbewnrin

p frame gf a superior rigid conductive material is WO
19889/ 618733 PCT/ NO2003/ 000296 12 supporting the

exposed anode or cathode surface in order to obtain
Ao e T ant " The padn [ s artached focthe |
ab@@ﬁ@@@ﬁépneﬂrQﬁérétOEo?he§F88g ?ﬂé%ﬁozuEOESUéb girs)
ma§pﬁ§b@gan&hebmabrlno5 trbetsanglshapbaps. thecnrgu@ar
2152098500 2R, A2 ALLARREE hQveCaCu2bnbREMBENED 8L 1
meter, representing the water through flow of the unit. The
electrolytic cell may be placed into a pipe conducting the
water to be treated according to the invention, for example
as shown i figure 5. When applying a sufficient voltage to
the anode/cathode sets, the process water flowing through
the unit (the openings 18) of the wire mesh of the unit,
obtains a close reactive contact with the oxidants and

radicals formed on the anode threads of the wire mesh.

The drawing figures 4A and 4B are expanded views
(rectangular and circular versions) of the four layers 20,

12, 14, 16 of which each unit is structured.

Fig. 4B shows the anode or cathode wire mesh where the

conductor frame of a superior rigid conductive material is
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The assenbly of a single anode or cathode can be
stacked in nunbers from one anode and one cat hode up
wo 2003018883 oget her. 10 Anode and cat hode m ght PGENOR003/000296
identical material or different. In case of simlar
materi al DC power applied mght be alternated to
avoi d scaling and uneven tear and wear. Anode size
SURPGRE 184c ihBe efBPEeFhaR tenPdi SAEREAS RPERAES 4BpagPey to
obﬁbghtaheebéﬁngggg@W%|Uh%t$lbhtﬁbﬁ bb@rsaahbegé a@Fh|Sr in
ach o arge cel |
233 prat ol P SBbnerty BESSI6E ahbteberic dathas Crpductos
frpmeviedetdoCh eankeent Tae SOppnpnﬁoptmablepﬁeuabsmaherlal in
th@bgﬁ%e @ﬂgg b%%ntB%SEQGlHOc%zguéﬂBraEer@nQHQ QE%QCHEd to

he w re-mesh may be forned of individual
OW% Péstﬁﬁuﬁ@éaespéﬁappélSﬂéeone anot her to the frane,
or of individual wres that are moven knitted or
| ai ted duct i.on- d to fo
T SR ORYoRed ImSAS LEhE St RAcEITBOHE: 8B Eaghacked 0
nupkeadlselflroRr eher abbyleecack pnei vhdbhabewbpetor 50heltogether.
perforated foil is attached to the conducting frame

by use of such that electrical contact is achieved
Anp@ﬁ &Ven celiPeist M3ONd Ser PButrsRtéFerl BRpG6Seal or

dIQE@Q@deezareas@n@fe&naaadr &be@&ﬁadeDar@awbeca@p$1ed
ised to e nat convenklona

bi
nigfe b Al B agseR Frartoar aorditpennfl uRRRERn e ng

wellre [Aingdied sélzectighyt ealop de owirdanhanr dsinstdaameter. Flow

caf§®l%5°%h g@t%@g r%% ng%QoéﬁQ¥%g33hECIﬁNQ%goéﬁQQQ%QQ

ref ere ect the water to be_processed
ceﬂﬁﬁo&@hmOéené@ﬁ@nﬂ@Qp perticcie éxrhaefofrhenlergestt gell.

%ﬁmecwﬂren&a@@m@hQ§ and 30rgannsde sl asges mhganmthe
pro deda%ﬁr%%% éﬁ% ath% eleCt%or noble metals the above

have been tested to 270 Amp at a anode area of 0,5 cm2.

The wire-mesh may be formed of individual wires mounted
parallel to one another to the frame, or of individual
wires that are woven, knitted or plaited or induction-
welded to form the aforementioned mesh. The distance

between each paralell

Preferably each individual wire or the perforated foil is
attached to the conducting frame by use of such that
electrical contact is achieved for even current
distribution over exposed electrode area and exposed
electrode area becomes tension stabilised to eliminate use
of conventional spacer, whereupon frame or conductor is
isolated from the liquid electrolyte by an oxidant-

resistant isolator/coating.
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5 Further, after the liquid has processed according to

the invention it is directed through an hydrophobic
waadmaenp7son filter or hydrophobi c adsorpti on PEING2008/000296

order to renove potential excess organi c conpounds.

10 After the treatnent, the liquid is preferably

directed through a flotation device in order to

1% dnbrr i@t & © digtetted oy garfiar rst &9 #150CES sHek through
a exqasath gap hetyean anade @t cat hode have medwred fior

PR T Ny DAY & T o o toiRes e Ln

thrfore loordusstd ve mat eri al of the same shape as the frane
itself The clearance mght be as lowas 0,3 mm This
nplies that by 20 the invention, it is possible to

F‘b“&t}éﬁrn £ Higgh tchﬁr et g il & Y 1M qEs S8 @F drslingoltoagdre

lﬁMHﬁﬂﬂbﬂKlﬁMmsﬂﬁﬂﬂéﬂﬂé&ftHﬂﬁﬁgH'&hlﬁ%&ﬁﬁbh%%ﬁkﬂ@@%orptlon
s8asily ig exce d %_mnt ut_JIom;or current. | oss due
£l spaceryrﬁfp 5 BEF PRSA S TG 1Ty 48§y O remove
paperddritls 33 qersovd et 1 2 5 ofupatunels .advant age by appl yi ng
wire/ mesh or perforated foil at both sides of the
conductor franme is that it allows m® wuppscaling for

Afhan difte dadmed thaddiohg it iche segsded adrlea difrgcted

tHleefl ol yEictatA AMadviicK iff RIaovey edmtveb@iile Firdes
ff%{ | eCJrolaceme t of .a thin spacing frame at both

24 &G HSde nesh/ perforated foil can be

pl aced close to the anode in a distance dowmn to 0,3

r 0 b
I S e S, g gl g R
ﬁﬂ?%ﬁ%&e@ﬁ iSP@ErNido R sdipfrfcarisied by
aﬂﬁﬂ%ﬂﬁ@“éﬂﬂdﬂl,ehﬁﬁﬂi&ﬂmé|dl coarse of non conductive

material of the same shape as the frame itself. The
clearance might be as low as 0,3 mm. This implies that by
the invention, it is possible to obtain a high current
density with a very low voltage, something which involve
that the Law of Farraday easily is exceeded without flow or
current loss due to spacer and a desired production of

reactive oxidants is provided.

Another advantage by applying wire/mesh or perforated foil
at both sides of the conductor frame is that it allows mm2
uppscaling for extreme currents passing to the exposed area
for electrolysis. A 5mm thick frame covered at both sides
allows placement of a thin spacing frame at both sides
where the cathode mesh/perforated foil can be placed close
to the anode in a distance down to 0,3 mm. With varying
distances more than 3000 Amps can be passed through an

electrode.
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cell s/ processes in that one by nmeans of a very |ow

vol tage, may obtain the necessary high current
waleogiotsy3of | arge area w thout this reduci ng PEEN02003/000296

vol ume through flow of theldiquid 5 to be handl ed.

This also inplies that | arge volunmes of liquid to be

handl ed may be treat er heapl The vol une
Wﬁﬁﬂtwww%+ § TR | o 5 T (RGP e
cebstpBste s oot her tebecinol lyy imeaed | of everethough tdiktage,
ma ! SELE DAL 1REDSLLe Anors, AN £ 108 L £ regycjf&ngé Oflea

withowt gbess rafeayhdt bee anobenanth catdHodel owmdehdirent iquid

tOOEetﬁsnayéaalThﬂgS&@Q@elﬂﬁiw@gntmﬁﬁn1aﬂ&@e&wr&m&& of
|nv ntion dlffgie? momthe exi stin
o)

11%%@ us® Bf DFP %Yc%%s?ﬂ%?%%?e %Eﬁr% e?%£¥ea %
volinee acgpaoltihef anbdectonpar kgt o ¢dkl wes ghvt ofhdadged in

coﬁ@%gst ggd %H? r8f£c§ i@&fe J@Pfs é?@ncgﬁiﬁ%ﬁftﬂge

at

i OusS ne are so reduced consi der
dls@ﬂ@ceuh@tusenthbeeﬁm@@eeﬁ@@ prihed®, 13 sredieredskrm 2p- © -

5 J%et?r§S§Pﬁm'BMGFFEQntﬁéf§§%§ $6P?m@xl§§uﬂ@ flow goes
electrolytic cells/processes in 0SS

thygueht APR ARGHS eaﬁr§ﬁ¥ha ﬁs%%9ep%P$%VFc%ﬁ Eﬁ%tm%%“%¥

dievengy madwaehi ghemt hrough fl ow by volune of |iquid,
as the di stance between 25 the anode and cat hode can

be reduced to 0,3 mmw thout this reducing the
Theapaeseytoﬁthétépéch6f?¥ﬁcfé@mlth%oe¥h%ElP? apR§epeln

thygednw (Bt he WEQQSCQBdHCEbMEK&ekaiée§8 vaéeincreases
(surface water and ground water E ﬁesenE 1
Ef?g phepmeta

thendEndi 8f tPG.§n58§sFBWEaF8chﬂbFH% Wﬁég
andi £fier eah1metialraceForhaexanphe, cantanofletheshrefious

talum incl udi h p 1O
R A A M,
theadif€aks enayd phydcaden Heroxd ersednd very little hypo

chlorite and 35 chloride dioxide. This is due to the

fact that all fl
The present ?nventgghogl¥§g%20%ég%8gg§sEggéhg% 8%4899%?9

cells/processes in that it is possible to obtain high
current density, a low consumption of energy and a high
through flow by volume of liquid, as the distance between
the anode and cathode can be reduced to 0,3 mm without this
reduciné the capacity of the electrolytic cell, so that it
may be used with the iron conductivity in fresh water

(surface water and ground water).

With the present invention it is possible to combine the
effect of different metals. For example, an anode mesh of
tantalum including some wires of another precious metal
from the platinum group, produces mainly ozone, radicals
and hydrogen peroxide, and very little hypo chlorite and
chloride dioxide. This is due to the fact that all flow of
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15 current will take place fromthe precious netal

wires such as tantalumimediately will immediately
webicaiors7ah i sol ating |ayer of oxide. 5 The prBGEND2003/000296

invention differs fromexistjng electrolytic

cel I s/ processes in that it can be used with a | ow cost

for treating large volunes of liquid, such as surface
cunatet,willeshkeaptacanfrgnound ma¢eiows tethe wires such

c {i Ok ISLI [ r f : d
s S T g e S SR A e
isgtetlnor lavghepfaPkeged nmetal without the anode

oridising or corroding.” This is due to a high

el ectrode surface wth_yer ow consupption. of ener g
Th?sprBFﬁaﬁcFﬁﬁePﬁéoﬂegéggﬁfé %&?ﬁaﬁflfgg%%ee%%%tr°fygyc
cel adipabspseeeninwchhtt he awerlhgeuseddutthvatyowncost for

rou [ face,.15.fre r r
e e T R et S
freshdweted ehdodghuadodetardvébihbbe FATPAREtHOR raREShing

inCQRAUEt pyecmberkak Lisrikxedab9.t heeanpden apdeigaihode and
sh sufficient contact

nme 200w th , . the sh_ i .
cbhgner 861y LBoRdBEFEd Okt FLBLATs? HLSYBH TRESFr4HEIOURhe
anbbe egm?meﬁﬂg braperirsdivgat €diwi £th dumohooxi dighbl e

mat.er.i rder.. ect. [ cont aet i :
N e e
profidany rthsi searssmavepkafanhy (BeOpPodntegagibcals) even

withergaf bekrble anadaceiveayhodegpBahdi fadsseahledur fhee
spacing material is of |dentica? shape as the

fr@éﬁdﬂé_SF' frame and of varying thickness. The device
according to the invention will be explained 30 nore

in _detail w referenc - ow.n . :
Thg RS EEREL: oy Satd T eSf S SakiE y o thithar 1iguid may
beFgnduatekowd raugbhenatec aplafatiedcotNafhafodef 1288 gt

colbgh £ 1 ¢RNdUGi izl iQU FiReRPeb) ther anedd eavetedhwviithmash

I
Wiéé;%N%ig%%%@Ggg@g%%%t?ft en%gg% ?Et%kéfg§2%994é8%§3§§ed

at both sides of the frame, and the conductor frame is
coated with a non oxidizable material in order to protect
against contact with electrolyte. The spacing material in a
non-conductive oxidant resistant material may be provided
whereafter the anode or cathode mesh is assembled. The
spacing material is of identical shape as the conductor

frame and of varying thickness.

The device according to the invention will be explained
more in detail with reference to the following

specification and the following drawings, wherein:

Fig. 1A shows a schematic plan view of an anode 1 of a high
conductivity Cu (copper) frame 1 covered with a single wire

mesh of a noble metal.
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16 Fig. 1B shows a cathode franme 3 including a woven,

knitted or plaited wire nesh 4 (for exanple of
wgeta@unisgss steel 316L). The superior conduct opCT/Nex@3bH00296

to which the wire 5 mesh ig fixed, is isolated with a

nol ded oxi dant-resistand 1solator. Figure 1C shows

the side section of the oxidant-resistand isolator by

reference nuneral 5, in addition to the other to

ridetal lg ofc the.  Fide % Shans; ananede Of Worh WiinGh ted
SGretiXed to a superi or conductor which is isolated.

or 1Bl FHitpd Figiovre Bh AndRE GBS 10 IWHiteH €SS »dE Yo a

31§Lu)p.er1~g;g(rj Suiicd fz@rcdﬁdﬁtdﬁlﬂ@de}atled,o Fibg.ch4 A rehowis:ean
expanded view of, a rectangul.ar_ el ectr S WAL :

me sthot vhf et s off slc?%]saetbe‘gr“gj\%houasImyoi&r?ofgo%sl%dwqe%l%tand

isspeedfi cation. Fig. 4B shows an expanded view of a
circular electrode structure according to the
invention. 25 Fig. 5 shows a section of a . g

Figheet 1Ol shows cehe e nSomptiPn dife & %l%i“fa“rfb%selsa%ad“

isSpihofe, g hohe fOR ST Mhé €41 Y), NBdeaddftisomitre, the other

g%altedf woven or knitted nesh with a separation nesh
deppiheep® t HeS anode and cathode in order to prevent a

short circuit contact. The liquid is processed in that

Lt 30, s, congu t bE oyghe £ hen a0 de- ang £ad heslea so
Fl?ha? ﬁ§%¥%g£ﬂ gﬁgggoﬁgugteﬁ out fromthe cathode and
supgayofrormdhetanodbichThe s8PiREefe shown in fig. 5

was used in control and verified experinents for
‘treating the ball ast ter from 35 ships.: L pcl udi ng
Fl@ea3méP@W306ﬁtﬁpﬂgﬁgoggét%?f%,W%%%rofétfb%%§/8€8733
suPETANR20034008396whighoigansshptafigae and spores. The
wat er including a high degree of pollution, was

conducted through the cell once, as shown b¥ arrows, .
Figi.t KAambanperagexernded Aievhelfrasfpgtangular electrode

structure, and which is disclosed previously in this

specification.

Fig. 4B shows an expanded view of a circular electrode

structure according to the invention.

Fig. 5 shows a section of an electrolytic cell (with only
one set of an anode and cathode shown for simplicity) made
of a wire, plaited, woven or knitted mesh with a separation
mesh between the anode and cathode in order to prevent a
short circuit contact. The liquid is processed in that it
is conducted through the anode and cathode so that hydrogen

is conducted out from the cathode and away from the anode.

The structure shown in fig. 5 was used in control and
verifiea experiments for treating the ballast water from

ships and including sea water containing bacteria, micro
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show t hat 100% of the abovenenti oned pollutants,

i ncluding 5 spores, where destroyed. An extrapol ation
wobohesBsesul ts based on the experinents showdhan2003®00296

requi red consunption of epergy will be 5kWh in order

to handl e 2500 nB/h process water with an anode

surface of 2,5 n2. 10 Simlarly the structure as shown
organisy. Slome aw@dsporepr Ve oxdidantine Bilird on high
de%ﬁ@éhoﬂﬂ§§11u¥Y$@ aﬁasaéEK@ﬁé%%JTEk%éﬂ &Hg? églﬂJHHce,

an anode of recious netal ne oduc

5 OAPBE oM L 11t oEL R bR 9 | Lt Qi | g S el €
shehophéhal 0@500f nBh & aﬁqwem@nﬁﬂbmaﬂ1pwllutamm$u1fnmkkﬁlng

surface The p e
R R
bapae ©hrblughekponinenls pphewzomet Wes {ﬁQRﬁmﬁﬁi¢¢P%wmptlon

of AEHBKE PO IBE €Fe Wh kith 8Dn Vo iy 3t A\ h 2k b 2560 ShOMS Process

sectiOn of an electrolytic cell _there foil or wre
Waﬁ%§hw%6hmﬁFcﬁ“%d?lEHFEZ gd%eﬁl?o both the plain
surfaces whereupon the I|qU|d i's conducted through the

. cat hode ea S of t o] t hat
ssELA80%, PBe BERSL AR clo  DEoRION, 20 LiEL M Eure
prbvel dxbéaneenropect hppden ahte glat foder - Thikh an

anSh@?Eé9h¥8é9d9§£hn$@so§§£?mfQﬁ%dﬁgéfﬂ@&éQﬂfoél@ﬁédlous
aromati ¢ hydrocar bons an on partjcles in
me§ah mgphyRERAUSEHr Py 5@151;9350%%@%%“% ¢ bhrgan Flow.
upekestialyhedand shoeuthatons506 mhh mMeduirnee dir ikigh 20 th
m_nut.es e PAH. cgoptent was reduced by 99,6% and the
anPéﬁoggann?ace Ofrgducgd by 76% based on rel atively
hi gh concentrations. WO 2004/ 018733 PCT/ N02003/ 000296

Thé8e§Bg§1585Eh@ése¥gﬂgggédo&lﬁﬂeahnHﬁB&éoﬂe§ﬁeaﬁ@mbathode
resent ed

el ectrode sta descri
me?ﬁ Pfgdr8 EBSEBRPri SPRGNES CBRoHBECHARY % &) ﬂogisp%Tlozone
wa®f pgtbukeat el tasddaihekial aaode with 80 V and 3 A.

Fig. 6 shows a section of an electrolytic cell there foil
or wire mesh to which a liquid was added to both the plain
surfaces$ whereupon the liquid is conducted through the
cathode on each side of the anode so that hydrogen does not
come in contact with the anode or in the field between the

anode and cathode.

This electrolytic cell was used for destruction of poly
aromatic hydrocarbons (PAH) and PCB on particles in a sea
water slurry. With a careful addition of electrolyte and
circulation of the mixture during 20 minutes, the PAH-
content was reduced by 99,6% and the PCB-content was

reduced by 76% based on relatively high concentrations.
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5 area of 1013 cn? were assenbled with a 1 nm spacer
as described in fig. 4. The liquid flow through the
wa@edok/ovsass at a rate of 10 1/mn. Effl uent wasPCT/NO2003/000296
untreated drinking water frgoma surface source with
salinity varying between 1,5 and 5 ppm and with high
hum ¢ content. E-coli bacterla 10 were added to the
Sopgt Eprahey ééﬁ@éﬁ?ﬁa?foﬁhéf1569n999“ paet _PY aRF@Fented.
exkassgedionce through the cell with current 20 Amp

ot fect fect | | I
Ay BRERCAPRBy oL PEAt ARGHECCTRARG] SsANB S sbbi CETPARER"S S
anbetweend 8 anth2Beni allesfaBiérLpassell andughtthel anode
argglﬁf }%1§h§m§aQ%EFagpggﬁbfgﬁewggg %S?dmﬁog acer as

al onet hanes oro- rganic an r onoor anlc
degenpbaAds). fTHesd - sah9|ésqghaméHOWrééanghuhh?h@eibngés

atOf @a%e- 02, QOPQbmlIhlEfEiu@XtrﬁHE|Mntk@&té@n@ﬂiﬁdlﬁ@
cIorlnatlon of water. Total ﬁgunt of 0 bacteria

wahfiFe (FRENS16F66°8 B)UARRI YLhG 18157, V- EXARBLESoHeen
1, Thensafepget, upndndishnhligh thatmér asntanEXAMPLELL hheteria

weyéegddeatt%h%hguaQ%grogtegesbaegﬁﬁr$@§oﬁvekIptbedobo

h er anper he scoge was to I hactivate
bappﬁrvaﬁu@l 2§a@é§ﬁr@aczothé@sgbn§ i ¢attonifascurrent 20

Am@cgh%y%@ @tt@Qa$”91s1E@éEBQbﬂoéﬁeéteﬁﬁéﬁéslﬁahﬂDnBQmﬁaes
o SRt ofe L FOEAN=F oot SRPatt JAPO8 PFORFOLILED RoBveen
2 ppm 2BEXANVRULEe3 3dtProgeceddwatrenghr bheockland gas
production containi ng PAH, Hydrocarbons, Phenols and
BETEX with significant concentration was passed
Thﬁhs@@ghSfm@éﬁﬁeWﬁéﬁaanaﬁdaédoﬁorkﬁFﬁbéaO%PEEaeﬁétﬁcéﬁao-
rggngégﬁggg%régg%? Wh i kN cb gu??s Amﬁ@ééggamp$e§0@h6ﬂﬁd
re%ﬂ&ﬁﬁ Bhé I§a%€Fe 228u§ea Fr npf 80 ﬁféréﬁrgﬁ?fevf}y
102004mpha 233 teCEING20684000296wat8r. Total count of
bacteria was more than 10 log 3 by applying 18,5 Amp.
EXAMPLE 2
The same setup and similar water as in EXAMPLE 1 where used
but the number of electrodes was multiplied to achieve
higher amperage. The scope was to inactivate IPN Virus.
Desired 10 log3 inactivation was achieved at 60 Amp.
Furthermore Areomonas Salmonicida was also inactivated with
the same log at same conditions. Total restoxidant varied
from 0.7 to 1.6 ppm.
EXAMPLE 3
Produced water from oil and gas production containing PAH,
Hydrocarbons, Phenols and BETEX with significant
concentration was passed through 1 noble metal anode of
knitted wire cloth and 2 cathodes as shown in fig. 4B.
Amperage was 300 Amp and anode area 180 cm2. The flow rate

was 180 1/min. Phenols were reduced from 1580 microgram/1l
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to 0.51 mcrogram/1. PAH 16 was reduced from 34,7
mcrogram'l to 3,92 mcrogram 1. NPD was reduced from
wa eb4fig7Bdgram | to 3.92 micrograml TEOM ( CLBCE/NGA@pB/000296
was reduced from16 nmg/l tpg2,41 ng/l 5 EXAMPLE 4 A
contamnated fluid froma oil refinery containing 1600
ppm H2S, 2-3 % Phenol s and 2900 ppm Anmoni um was
to r@trmE&gﬁﬁog{]ﬂmmugh tPAG i6b e smettealluogidr & reesB4arodes
st acked, wi.t f/1316 L steel nesh
i G E Yot a° sgé%é%%%%srﬁ%/lwrrent was 300 Anénode
NPDL4G sl /rrduced -forsm dritd Wi T2mr A CoAR & B‘&Fa?gram/vf
TEOM OGEES I NG Ay )V ol diTe Lfu A I foar 115 mgrilinutees , tihe md2 S
Ex was oxi di zed to O ppmand further 15 minutes
ing resulted in anmoni um content of 3 ppm and
A Jhedwhiconient 1wfd mm@b o iDu e Tt e tag N daa$ 00
ppn&ﬁ-[ §mtf 0# lﬁdp}pé' datrid’ez%o I%gm{br?ﬁgn Qualar |p|r|ocessed

|ngs rom of 1 gas |ndustry was r ce
thncmgmgtlrwamcebb%tm@‘orel UHdE &Y AT SIS 3n

ﬁ?ﬁ?ﬁ@—'—%é 31deL Célt!ééﬁgﬁeé/lﬁs xHspergackd I’ttcﬁ:aZZ]na&O 2ﬁ5

uent contain % o
cmy dy bERP Bone? § r%?@%*dm %w ﬁfolpﬁ con(i en({ qn?\/rgc &Ry 2®
Na¢ D! ahft &y dsocaln bprbc/@essxrema:edolmel S0 9% i ¥ hour

ocessi ng I b [
i B B g B st ek T Ds Ahede oot e
mimetas pheeadsingree %We*ae%c%s%méo%l PRcHCR i Mgt er® PP

angh%g%‘g% @BQQQngoﬁﬂuﬁ%@rpﬁkﬁ lan@%ﬁpncy hat o ¢ dres Ja‘[geapH ofas
C tota e 2 cathodes was wire
Coﬂ’é§ﬁléﬁd3%8La§fléEFve§0 1 was batch proccesed with flow

exA@OLE1EM n t hrough the el ectrode. Volune 20 1. Nad

' 25§ego§a§l?z%u§91§§£r9?5mm@ 12g9d s 1RdE9ctP was

ecanme bl ank. WO 2
prBCEFENO2008L000R96N gbectrode under conditiong4é918733

described in EXAMPLE 4. The cuttings was disperged into 221
of effluent containing 6 % NaCl. Scope was to remove
Hydrocarbons from particles. Initial content of 7,62% total
Hydrocarbbn vas reduced to 1.32 % in an hour processing.
EXAMPLE 6

Deep blue textile dying wastewater was passed through an
anode of noble metal threads stretched across a 5 inch
diameter sircular anode conductor frame so that the area
of anode only was 0,5 cm2 total. The 2 cathodes was wire
mesh of 316L steel. 20 1 was batch proccesed with flow 180
1/min through the electrode. Volume 20 1. NaCl content 5%.
Current was 270 Amp. In 25 to 35 seconds the waste water

became blank.
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PATENTCLAI MS 1 Structure of an el ectrode

for use as an anode and/or a cathode in an
webmanisoBytic cell, characterised by 5 a conduptT/™N©2003/000296

frame (10) having a nunberogf liquid through flow

openi ngs (18) and including nmeans (20) for connection

to current a supply, in that one or both plane sides

of the frame isEchvleredy Tt ¥ & donditkts ve perforated

foil or a wire nesh, and 10 the wire nesh incI udes

5‘s?acer ans (18) bein Cg ted to cover C{
YRR AT 13 ‘?lreaqg? R)LOoD Ut ralfctalﬂrea elaé’c Oordéa
cataoeds dimngant Oebde(attmllytmshaaf]alc,t erdrsechd e tiedd bot h
pl a r 0 G ive
per?oonr% %?éaﬁvx(f r \ehea[rreq}? ® Aﬁ“%ert Iebgfaclgl?g}r#g}ans
thieugr r@@edommcﬁs%u ulabuan%rlwlr@mmws (20) for
comtd MCeidl e Of et Lok ¢ Oéieswp; dl ng to cl al m 1,

characteri sed |nthat thes a foil the
ZU‘ptP%"e R OrP O Vit T p‘?r:}nggi r?ehelsm n\éered

wiwh exv @fndddei f& agmrfcﬁmtmtf@b]stwmoi |wngret h&sth,r cuygh

fl.ow pro erti ﬁgﬂ.
e‘f%%t‘ﬁ c%l co%t:é%g%é%@ %% %ﬁe ct ro es e% <-:lucic,aelt)ted
to28oder Sthecsurbact strecrode @kcordi hgpto H&im 1,
characterised in that the thicknes of the spacer neans
foil (16) is_about Oé% 5. Structure of electrode
2. 2REBRet MEe t OF cPRPRTACIe 42 THAT ot €71 3EY 1 that the
chik s et &Bshed NCh udest par aldtél pliameeddsimer sd deisr @neesipvered
. pet and 9538 b] i nel el
m?ﬂr%% er ejce‘a%hg)? g?gfggln%lg%hy ﬁ?‘gg‘r‘@%ﬂé 0 nd the
spéaar theImlWhlLS earhengﬁ@eﬁn’eeh %@edtfﬁ’?ehd%r aferefmesh net.
platinum 35 WD 2004/ 018733 PCT/ N02003/ 000296 21 6.

Structure of _electrode according to an {JI‘ ecedi ng
3. Structure of electrode according to ¢ alm

characterised in that the spacer means is a foil the

plane section of which corresponding to the plane view of
the frame, for not obstructing the through flow properties o
of the frame, and to prevent electrical contact between the

electrodes when used.

4. Structure of electrode according to claim 1,
characterised in that the thicknes of the spacer means
foil (16) is about 0,3 mm.

5. Structure of electrode according to claim 1 - 4,

characterised in that the wire mesh includes parallel

threads or a wire mesh net, and possibly the wire mesh
includes parallel threads where each tenth or twentieth
thread is of tantalum while the intermediate threads are of

platinum.
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clainms, characterised in that the
nmesh/wires/perforated foil at the anode or cathode or
whodoh/oss7e3 anchored sufficient to obtain rel evedit/N02003/000296
conductivity between nmetal 15 by friction welding,
| aser wel ding or preferably by use of pressure/heat
and bondi ng agent to preferably both sides or one
6.si detBRCAULPaREWBLRCESABBCREFOBAIBEAPEPI BRY cORDREEFRAGINT

claahgrl@ha@a@e6r§@%6|@heehatengh@nmb@th@raE$béwE5@§éed
o needed. f or

£y P8 REo16"GHG: PeLCabaPRE R aRBHE ARG ERCRBEES n use,

su&mdcwhemeﬁbhebtaandmeﬂewahtanendbsehﬁlts bsblvatednétoabs
bycgggégﬁoﬂ”kgldﬁh tﬁgggge gydgﬁgng Frgﬁgfablg by use of
ant-re3|stan "non- conduct eria
prespuEedpest émécpp@dénacéaﬁaFnQOt@raﬁ§réblwr€@éauﬁgdes or
on@lahaé,ogharagg&$M@Qd banahatoea@m BﬁﬁthdHaboﬂﬁﬁ@tth
erforate Q ttache

mataraan: PHacmerernsiony GebdspRorbosfechfiR/"2ngs/

pebdndangdagentl, ao obmnduiat sbrbweltdiyngeedetaser webdingg

sh%'qgﬂktﬂgkggéhy affchid. 204t BatnULEe; AT uRel T ahat Belal bno
er su |C|ent tension such fhat electrical

Co@dﬁ?é@ﬁ ifgagehildved If a8 évenatedr FERM GPBERFBUY6A

c1Q¥RE8XRASeY alafls @de takeaxandntexpesedankeabnode

area hecones tension stabilised to elinnate use of

COESH&éﬁPgoﬂﬁFegﬁg wher eupon frane or 25 conduct or
is isolated fron1the [iquid electrolyte by an

7.0Xi§%ghc%%?e Ea%ﬁe 9%@%05 889&Fﬂg' 'a§%r8%t Egcedéng
accordi ng (0] any 0 prece Ing C alracteri se
cligdnshacheaokeras eidn idakhasl eeprbdénghsadpaildwiszg or the

pe&&@k&w@@a&bxlaﬁ% faremchlQ" FoChORS ake §5@@0c6haﬁ@ﬁ§ng
apart, and when they are

ven
ma Rl B HoRd8d. G giare SASPne0 SnEeh ey BIBAAPF
lndmemuumew@ﬂdhm@wwks1msemowsldﬂ0g25®®6umtanmnssleW1th

erZR04/018753 PCENNZ003/909290 128,91, SLLUGLHEE s cne

accor of prece
tension such that electrical contact is achieved for even

current distribution over exposed electrode area and
exposed electrode area becomes tension stabilised to
eliminate use of conventional spacer, whereupon frame or
conductor is isolated from the liguid electrolyte by an

oxidant-resistant isolator/coating.

8. Structure according to any of preceding claims,

characterised in that the wires in each electrode when laid

individually are from 100" microns to 25000 microns apart,
and when they are woven, knitted, induction-welded or
plaited into mesh, have an air aperture of from 15 microns

to 25000 microns.
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characterised in that the anode is formed of tantal um
ni obi um hafnium zirconium platinum rhodi um
WO eoodiotsTd3 rut heni um pal | adi um or an all oy of P€Ta©2903/000296
or of an alloy 5 or an conpgsition of wires of the
different aforenentioned netals, or that anode is
made of SS316 L steel or a hlgher alloy netal. 10.
9. Strmotturee aooormting tte any off mreceding S&iiFs, 10
cha ai}.fj?ecf géciseldn 'Ebatthattﬁé"%rﬁﬂﬁdelé S Il & 0ft s tQiudm,

pl aced in a chanber wth
niqatHodd afniihe 2igrcarbvElh, K i ort 195 Yhd lrﬁég%um'

ruﬂ{l’ﬂé@#m: Cﬁbjal&ihtﬁnad@%nh(lﬂl&dm dﬁeotrmsebotdr sifdes ofalloy
e foil and out rou t cat.hods
OL \G@1 e%oma%sﬁﬁlorét?{:cvﬁﬁe ac%gtrhdeﬁ% 0 ‘any oh% pr eceg 1oned
mettd Bé reor  Chatr actete sewl made haf Poikd dncdfedndPat
al%ﬁ?sﬁééaff only plate in SS316L or higher all oy netal
ch'is closely perforated by photochem stry. 20 12.
Structure according to any of preceding clains,
oigg%@ﬁﬁ@wﬁ@daubﬁmgtm aﬂ%ﬁtcﬁf tyhi exbertpiarsy sl fimom 25 -
m crons. an t

ChaTePBAELo98 45, Lt oty & Gdsor i RGeS any B ot A s
deptf gaedi ng vkaphscedchar acteailsed Wht¢h®104¢hp©@r% wire
orha¥$eﬁufk§E€E8& of fiomed- Qé@hn“1ﬁ905wmﬁ&h3914&1d flow

e according to any Precedlng cl aj s
caghheatedr P5elOFh ?hﬁ?SaﬁSdEh?s OIS S £ 0 604ED R
cathbgk mbehlcotnbast akyes. n|ob|un1 haf ni um zirconi um

platinum rhodium iridium ruthenium palladium or

an alloy of these in a chanber, where the cathode has
11a nBshuéennbo&cmorélog B8 &Dyeﬁf kpeceding claims,

chlkpductL e ?khegnggénbnéngatﬂb@eVEbn51st of
only plate in SS316L or higher alloy metal which is closely

perforated by photochemistry.

12. Structure according to any of preceding claims,

characterised in that the plate thickness is from 25 -

1000 microns and diameter of perforation from 25-2000

microns.

13. Structure according to any of preceding claims,
characterised in that the wires have a diameter of from
0.010 mm to 5 mm.

14. structure according to any of preceding claims,

characterised in that anode is a 0.015 mm to 0.300 mm thick

foil of tantalum, niobium, hafnium, zirconium, platinum,
rhodium, iridium, ruthenium, palladium or an alloy of these
in a chamber, where the cathode has a mesh form of wire or

woven, knitted, induction-welded or plaited form, and into
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23 which liquid current can be |l ed on both sides of

foil and out through cathode foil/cathode wres. 15.
woktaoads763 preparing an el ectrode for use as aPCENOA@3/000296

5 and/or a cathode in an ebgctrolytic cell

characterised by providing a conductive franme (10)

havi ng a nunber of 1liquid through flow openi ngs (18)
whiadtd 1 irpd iudtli gr mesensc g2 e Yeasb agorpmedt iseifetso of foil and
oue WH NG9 U oad Grd ) Aan Qe a1 dioth pl ane i des of

IS covere w th a conductive perforated
foil or a wire nesh, said foil or wire mesh being

15 fi %ﬁ@kﬁh& tdye ;fﬂeq;rmflbj,g Saubjeelcddmgad&efozgmﬁ ars \girr @node
sh sheet. to a stret or_t.ensi on nd t hen ei ng

an$¢ et AN é& %ﬂufqli% %ro%ikl%réﬁgLsurface by 15

chamwamise vf sed ey di ng and/ or adhesi ve operation. 16.

g%!&\?dd of difigh i o Sl MR Clhar @Féﬁfrigs%d dugdtor a

acer ns Is arranged onto said foil or, wire nesh 20
llwdsbhﬁo@%c@@%e%%m(rl%ﬁ b o fgtg L 4 pIngans  (20)
fo§e@$ﬁ&é‘c@9019ftd\h¢@hr@@tf r@ﬁmm; ng to the plane view of

the franme, for not tructl Io

p%%p%???e%n%fofh%o??a%é éﬂi?ﬁggnacé%ﬂc vered
witld &l abnsudbité, pehﬁoa@tecdl éce:dlmr 2@ W g mwsp%@ecﬁ Y011
orfﬁik?lgeg pygagﬁt?9L¥@r98y£ﬁ@ef§£ﬁgﬁw€th cwehgleghd o

rane condu Ive W re mesh accordi n
fotb eravise18e3l skhafakPeri SBEHCFAN ?ﬁaTe%%b??1n@n% en

be§Q§C§5rHE@n§g§Qhét(iﬁa of xadt b cknessrafe S0rHboaitby, 3
mm

ectr e struc ordi ng
meﬁ?%ceglﬁgwe&gépﬂsapﬁ/gﬁ % ?y?$g£§t r(Pwhere one
si ngl e anode el ectrode and a cat hode el ectrode are

Staﬁkggogngfedrgggﬁ/ﬁ%83§§uﬁcjéhDZQQ§fQ@Q§9§se341n that

|nterconnec ers from oneanode and up.fto 50
a spacer means is arranged onto said foil or wire mesh

net said spacer means (18) being a foil the plane section -
of which corresponding to the plane view of the frame, for
not obstructing the through flow properties of the frame in

use.

17. Method according to claims 15-16, characterised in

that the spacer foil is a PVC or polypropylene sheet and 1is

welded to the frame/conductive wire mesh.

18. Method according to claims 15-17, characterised in

that applying a spacer means foil (16) of a thickness of

about 0,3 mm.

19. Use of the electrode structure according preceding
claims in an electrolytic cell where one single anode

electrode and a cathode electrode are stacked and
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al together. 20. Use of electrode structure according

toclaim19 in an 5 electrolytic cell processing
wo p@uodssnat er where the anode and cathode i sPOf/N02003/000296

identical material or diffgpent, and in case of

simlar nmaterial, a direct current DC power applied

m ght be alternated to avoid scaling and uneven tear
intaﬂd;t olﬁﬁd%'iftlegd-%orzlnurhﬁé}rﬁffﬂnedrf@dﬂlcxid watdung gec®di ng

o claim in an electrolytic cell processin
al4qqfitf water in that the flomycapacity ﬁight be ?rom

a fewlitres /hr and up to to nore than 1000 nB/ hr.

2015 2% e pfo€)l &t rode, StUMct @ e didgitaci@ M, an
19-21 in an electrolytic cell progessing
eleq e iet Wat el rPRETS S NY Yt T4l YRR t§reeanode

and 16+ enosless | 6 383 e CoRl o ideld @ Cdlﬁ:ﬁmrtm ancs in

m .and for nob] e al s e Ay,
Cagga‘ﬁ%d%l%}g%ro’?a% Jél%%'fz Z%I?Tﬁg Cg’#’{anode and V%at hode Fied
mi gicc oveli At ¢ oné hed precedd iy Sed hing and MNeyen gypar and

#gctrolyt!c cell, for production of oxidants through
efectrolysis, for oxidation of organic 25 material in
liquids, and organic material on particles in

2111 quijgls. o£4elé56r©ﬁeaﬂﬂﬂ@cemﬂeCamémmhﬁmﬂxxwcﬁl@ﬁMcﬁQT@pr
prece i I

B T L

thexfdaW|oapandtge&ugthbenfébmbac?@W|bltE%%rzgr and up to

toThSLe gﬁgﬂng§ al)gae and virus in liquids. 25. Use
of*°anode and cat hode according to the preceding 35

claims 19-24, in an electrolytic cell, for production
220f y¥O 8@%&%&23&&@{&&!@2693/ 860298ing5toxttanns 19-21 in

thro

an eleg o? %g%r%LXilpto&ggs&%%aﬁgaﬂﬁdgpwg£8§hiHaEﬁét a
typical current density at 316L anodes is 38 mA/cm2
provided a Cl content at 5 ppm, and for noble metals the

current is 270 Bmp at a anode area of 0,5 cm2.

23. Use of anode and cathode according to the preceding
claims 19-22, in an electrolytic cell, for production of
oxidants through electrolysis, for oxidation of organic
material in liquids, and organic material on particles in

liguids.

24. Use of anode and cathode according to the preceding
claims 19-23, in an electrolytic cell, for production of
oxidants through electrolysis, for oxidation and
destruction of bacteria, spores, micro-organisms, algae and

virus in liquids.

25. Use of anode and cathode according to the preceding

claims 19-24, in an electrolytic cell, for production of
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and drinking water. 26. Use of anode and cathode
according to the preceding 5 claims 19-25, in an
web@antsBytic cell, in which polluted |iquid/ MI/AD2008/000296
processed through Iight apggture in anode and/or
cathode. 27. Use of anode and cathode according to the
preceding 10 clains 19-26, in an electrolytic cell
ox fdan ty adusdigm elfectoxd danits, througresdimesttr glfy Sizeshf grater

an&kaggﬁg§gérk§@eyjrus, spores and bacteria, and
M Ccroorgani sns, al gae and al gal cysts smaller than

100 microns in ballast water fromships. 15 28. Use of
26 ,zilgqgst% agpm;e%%d&?@qu@gd{cﬁg ddrddts Yy eeediig prelc@iding
9- 27, re the |iqgui t.is i ng treated,
clgimg sl §7eat eﬂna%réo‘?h‘?‘ﬁbr?]oya’ilh% ?eﬁe(n?linonwﬁulc?l pd‘?l:{g};%raog
11@&11@/(1@&]&': rrfshpmcf:atsmrtmm@tethu pertwrelekn anpde
nove articles and organisns |arger than |ight
ané%%%uﬁﬁ%ﬁﬁ%gin_the el ectrode. 29. Use of the anodg and
cat hode according to the preceeding clainms 19-28,
s7Whes g the Lhoul datdatabasadestcotdand eth afd girddeding

treated according to the jnventio is 25 di e
clairoubh-ah hyaraﬁhﬁﬁ?e%&?bﬁ%%f%f.| er %’?M‘%El& ot
oxh&ﬁﬁ@@h@?ksu@dselpttonlgaﬂ$a for odelerreot Femove virus,

otent| e 35S O nj 30 t
G e T o
cystai awalder9othanel 80t R PRE| anmhaﬁ%aﬁge%%%rig om ships.-

directed through a flotation device in order to renove

el ectro flotated 8r g@hc mat eri al

28. Use of anode an éde according to the preceding
claims 19-27, where the liquid that is being treated,
before it is treated acco;ding to the invention, is
directed through a mechanical particle extractor in order
to remove all particles and organisms larger than light

aperture in the electrode.

29. Use of the anode and cathode according to the
preceeding claims 19-28, where the liquid that has been
treated, after it is treated according to the invention, is
directed through an hydrophobic adsorption filter or
hydrophobic adsorption media in order to remove potential

excess organic compounds.

30. Use of the anode and cathode according to the
preceeding claims 19-29, where the liquid while treated is
directed through a flotation device in order to remove

electro flotated organic material.



