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ELECTRODE FOR USE | N AN ELECTROLYTIC CELL. The present invention relates to
a structure of an 15 el ectrode for use as an anode/cat hode in an
electrolytic cell as stated in the preanble of the follow ng patent claim
1. Furt hwio 20pE01878%ent i on rel ates to a nmethod for prepaffH 028@/09%9@

el ectrode structure. The invention also relates to a use of the electrolytic
cell including anode and cat hode as nentioned 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

| iquids, and organic materials on particles in liquids, and for

destruction of bacteria, spores, mcro organisns, algae and 30 virus. Known
nmet hods in use today Today anodes (el ectrodes) are produced by the use of

el ec- trolytic coating a substrate wwth thin | ayers of precious 35 (noble)
net al §. However these el ectrodes have a particu 23 FEB 2007 WD 2004/018733
PCT/ N02003/ 000296 2 larly short lifetime and they do not tol erate being
exposed to high voltages over tinme. If they are exposed to high voltages
they will burn. During the process a dissolving/- precipitation occurs from
the anode so that it is corroded. 5 There is also a production of anodes of
pure netals or

10
STRUCTURE OF AN ELECTRODE FOR
(l USE IN AN ELECTROLYTIC CELL.

The present invention relates to a structure of an

15 electroée for use as an anode/cathode in an electrolytic
cell as stated in the preamble of the following patent
claim 1.

Further the invention relates to a method for preparing
20 said electrode structure.

The invention also relates to a use of the electrolytic

cell including anode and cathode as mentioned above.

?U‘ 25 The invention relates to the technology concerning the
production of oxidants and radicals which are used to
oxlidising and eliminating organic material in liquids, and
organic materials on particles in liquids, and for
destruction of bacteria, spores, micro organisms, algae and

30 virus. | T

Known methods in use today

Today anodes (electrodes) are produced by the use of elec-
trolytic coating a substrate with thin layers of precious
35 (noble} metals. However these electrodes have a particu-



al l oys of such nmetals, and which do not belong to the precious nmeta}pgg Si4p,
but these are quickly corroded in wuse, they do not produce the desired

oxi dant, nor can they 10 be exposed to the desired voltage. Another

| esser-known nethod in use today involves that tantalum iridium or a

m xture ovOoRbhda873Be rolled down to between 0,015 and BCOBO2008/060286 | S

wel ded to a core for an 15 anode whick is made of titanium alumniumor -
copper. By this nmethod a frictional welding is used. The lifetinme for

t hese el ectrodes is longer than of the electrodes that are nade by use of
el ectrol YAy THEL § ol ieh@itienss ot dbeivaldoy nofi §REL ISPt Rgénanexpappent. Wth

these advantages Jdll tdyasard il agnieqr 1al %te@ola&%eépr@@a%o high vol tages
from O- 38 V and cuyrrents from 0-100Q Al res a mxture oxidants is

pr oduced YHAAH - MEX eyt il e 2UFiLR% P BERERSSna BEJ§§PBVF-PE “for . ..
f unct i onarealpaind mnigprofoddiers iyl & hex jad@ales seCtBatCi@34is @3rrBaealH202, OH,
C10H, 0) , 25 exceeding the effect of, and reduces the undesirable effect
of oxidants from anodes produced by other methods. The limitations for the
pr epar at iWredsy ishesksoret hoddugtaon lod wawcidstsi of ppae metehe nixture of

al 1 oys. FRon K@y &ddn mlddiss kngwn wtm@h raloawo'&u%uehg wer ghboys (Pt/Ir)
i ncl udi ng nore than 20@6|r|d|un1|s difficult tqg rol own tq the desired

t hi cknesPrefoRPs inefal 'tH&F-FW€5§IP6F Qxrckey Ferrededodh to 33 nicron
(0, 033mMusdj ghety canaeit rpdddinse tole e slieads dkadavien goeaten phebl ens, and

t he RLEep red foil 35 often becone ittle. It is also desireable that the
foil 33 ihf (é%fﬁffqééﬁﬁﬁﬁfﬁo3/000296 3 have a high degree of
har dness in order to increase the nechanical resistance to wear and tear.

Further the, 1y cf kégegérgl diHod S d8GS t\saa'nl%h%@smtngthow much Of
Jﬁnts |1 S pro g

certain oxi UCéQFIn a certain i
tantalum, iridium, or a mixture of these are rolled down to

between 0,015 and 0,035 mm and is welded to a core for an

15 anode which is made of titanium,-aluminium or copper. By
this method a frictional welding is used. The lifetime for
these electrodes is longer than of the electrodes that are
made by use of electrolysis. They tolerate substantially
higher Qoltage and current. With these advantages in

20 variables for electrolyses process, i.e. voltages from 0-
380V and currents from 0-1000 Amperes, a mixture of
oxidants is produced including a very high reactivity,
power and possibility for functional balancing of the
single oxidants {(Cl,;, Cl03", O3, Oz, Hz02, OH, ClOH, 0O},

25 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 alleoys. For example it
30 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
35 often becomes brittle. It is also desireable that the foil



—5.given voltage and current. It is further known that for exanple yr@é
pl ati numtechnically may only be rolled dowmm to 15 micron (0.015nn§ FER PN
*this thickness it is not possible to obtain a dense foil (w thout pores) 10
Recently nethods for vacuuni pl asma spraying of tantalum and precious netals
accor di ngwbDaotdvasasbovenent i oned net hod have extended thermob®dlod@bs of . use
i-n that methods for spraying of thinngr layers have been devel oped, and at

the sane time increased the variation span of the m xture of an alloy 15
wi th 100% pore density, and thus the specific area of use has been
ext ended.hafhe & rowh eleptaol gt irra:;cﬁrmsassie:s oirfleirt $osiifplrestef @nm provi de C12

o an_oxi i on Agenies IR GABY 0K 20,03, 07, H202, OF CIOA

0) are howev et nore chem ca I've, and are prov d by coating a
subst r at etk akness exf dire i ial sls/vlféercelsamoIltnaglétegmempcgeéiownmachange wher e

the law of¢ Fardaday .8 expeeded.pZndded hesSg e%ega%ntﬁ tﬁe Ladhcgl s are in
particul ar, the nost powerf ul OX|dat|on aggnts regard to power

and Aon-HeEH éﬁ%lé:%%earé? fSHEY e yerfa é‘&téﬁﬁp5ﬁﬁﬂ§ G\hato 8&ni c
mat eri,al )exa'lﬂqﬂeprplfﬁerpl()sftitrhm ket il a8 Qtyr eayt b@lypb@cesseadl golvhat the
radi cal s ca t_.be uti nc h i_fetinme of t housandt h of
a second ta% Are© ﬁ%r{edf eﬁese%%yj\?e Y@Lg%Sggst&tt A& EB?f ace of the
- anode. Aﬁpmnﬁgbkﬁ\nnypbnﬂmd qmﬂ&nsﬁ ﬁduillwymh@uanp@mESﬂhat is conducted -
t hrough an eI ectrolytic cell makes contact wth this anodic surface, |arge

amounts of |iquids cannot 35 effectively be exposed to radical exposure for
r eactl%n Bec Y EEthags oo/ Fersy HEFmR0 2003600296 fanfpi Hnoagdni ¢

conpound%r@@fd@r inetdd lh?cc%zﬁdlﬂ@lﬂ‘ch th%e a%sfleh@ehttl@nlaa fletAbRahegef rom t he

bi id. nown r ol i farm r h h
;‘l- }qu d e:?ten edeCt OVHS Olcesfeusse %n thyq: 2 tho ts tfo?: %ggra?(greug

the potentia
of thinner layers have been developed, and at the same time
increased the variation span of the mixture of an alloy

15 with 100% pore density, and thus the specific area of use

has been extended.

The known electrolytic processes in its simplest form
provide Cl,; as an oxidation agent. Further oxidants (ClO;7,

20 03, 02, Hz0z, OH, ClOH, O) are however far more chemically
reactive, and are provided by coating a substrate with
precious metals where a voltage is exposed in a range where
the law-of Farraday is exceeded.

v + 25 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

30 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

35 effectively be exposed to radical exposure for reaction



5 Hydrogen | owers considerably the formation of oxidants by
the hydrogen forns water when it cones in i
applies in particular to O4 radicals in contact with hydrogen. The hydrogen

gas al so

reduces the conductivity of the liquid

t he vol t 2y€ 2044411873Bet ween t he anode and cat hode,

anode. It

is knowmn from US patent 6,328,875 that

have been devel oped wi th anodes /cat hodes nade of
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ceakaetedithonhehexgdanp. conss sapppied jrerforat@ad o afe@oH- SCr eens,
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t..and a stalnle st eel ,,,. 30 _al um ni u C er,
pl ati ni zed 2t g\rﬁlllgurgng %gggagr%e‘f%ﬁﬁox %12%? ngo?k(lje 3?15(]2’5%?‘3&1 pqr%? et %‘f eel. Also
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1S we nown t hat spacers | ncreases

current cEREGAFEI WALhi Rh8n2BPEBtrol ytic process and reduces flow capacity

t hrough t

15

20

30

he el ectrode.

It is known from US patent 6,328,875 tha
designs have been developed with anodes
conductive porous elements consisting of
noble metals, or carbon from welded or w
expanded metal or carbon felt, carbon wo
reticulated vitreous carbon and metallic
ture includes an open solution where the
in-between a spacer/anode and cathode to

solution). The stack is clamped together
are separated, mono polar or bipolar, by
shortcut. The effluent is then passed in

t electrolytic cell
/cathodes made of
metal, including
oven wWire cloth,
ven cloth or
foam. The struc-
effluent is passed
open area (open
and anode/cathode
spacer to prevent
parallel with the

anode/cathode/spacer in the process.

Furthermore it is known that US patent 6
anodes/cathodes made of permeable conduc
selected from the group consisting of pe
screens, wool, felt and weave made of st
aluminium, copper, platinized titanium,

gold and gold plated steel. Also this el
to prevent shortcut between anode and ca

between said components are small.

;342,151 comprises
tive material
rforated.plates,
ainless steel,
mixed metal oxides,
ectrode use spacers

thode when distance

Y

1



S It is also well known that fouling due to scaling caused by M andefgpe7
content in the effluent treated is a substantial problemwth respect to
elrectrolysis. The scaling problem occurs when velocity of My and Ca
contained effluent (such as sea water) is passed through an anode/ cat hode
reacti on.W@Q094018138 vel ocity of the effluent is too sl oRCT/NORIBMHYRIOT
crystals will accelerating be built between anode and cathode causing
fouling of the process. Increasing the velocity in such extent m ght
prevent this in such extent that all My and Ca build up are transported
anay bef dite 1%t B latied hed (@ CCAShéBETeARBENERT inyt proyImREieohat anode

and cat hqﬂeaaar elefcteajmtqn: equ;aﬂesrseew vedueker kdbw &sph@itdl ternate the
polarlty egqpode an de cathode regularly. Then scaling burst off the
cat hode &8R4 NS Ed S -anode. 20 It is an object of invention to
provi de a neM/and i nproved construction of the electrode that elimnates

ener gy Iq%s ﬁ;&hﬂe% sc@a%%erfo%&qpat Hor t@é'Qéég;sfﬁl.@SSaQ%%&g%fect of

bet ween ano ode wt out risk o
t he |nveﬂglémdn§amqqnﬁ6ﬂﬂwy@'Mhﬂmeﬁﬁ&WBm@atrPht@dghSthesebeb@mbdelmhlIe

nalntalng@@bw@d wﬁﬁH‘%ﬁe EETD @ﬁek&%oﬁb%gkrobﬂé'§céﬂ19§d§£o$9eﬂreve”t
fouling due to scaling.. 30 It is an :ect of the invention to provide a new

and |in&ﬁ&§%xﬂﬂﬁqlﬁﬁ¥Q9+Qﬁ o M G@ecPBtparedeat fbuphbphfachoxi dant s
as rrentl Q@e@e@b@meﬂ)orlsemrﬂyee €hZouGh03n 980d92cath8@8 ré&kliofd OH), (0),

oyt ch OB e U Lise s 3 gab Bl gn,al.the surtace o
crystals will accelerating be built between anode and

é} cathode causing fouling of the process. Increasing the
velocity in such extent might prevent this in such extent
that all Mg and Ca build up are transported away before it

15 attaches to the cathode. Another way, provided that anode
and cathode are of same or equal reactive material, is to
alternate the polarity of the anode and the cathode
regularly. Then scaling burst off the cathode as it is
reverted to anode,

20
It is an object of invention to provide a new and imprbved
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,
30
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,, Cl0i", 03, O,
H,O,, (OH)}, ({(ClOH), (0), and which optimally can utilise
35 the radical production at the surface of the anode.



Further it is an object of invention to provide a new an inproved 23 FEB 2007
construction of an el ectrode where a reduced oxidation effect due to

hydrogen interference between anode 5 and cat hode, and on the cathode, ney
be elimnated. It is further an object of invention to bring substantially

all 1iquwiopiseiddact with an area close to the anode R¢GNO20HYOMdi cals .
are produced, and where radicals havefta 10 lifetinme of sone thousands of *
second (mlliseconds). As the radicals are the predom nant oxidation agent,

also with regard to non-desirable side effects of further oxidation t |
agents, it is essential for inventiveness, conpared with the state of art
t echnol ogfurtthedt itthel s adi &) esftf et ¢nymRntisnt he poEidel 8 hewben

di si nf ectgel Qxjall s8hs AR GISi¥ehabLY ectBELEARAIre! b kédahég an obj ect of
the invention to pgﬂpare an anode wherein the consunption of energy is '

consi der &BF3Aa AT %8?\ﬂﬂ91§°thﬂgrSSHHeéPéﬂrﬁsfS“EPrEBFWeﬁécéﬁéﬁﬁg to the
i nvenbi orard d’a(ii}'ﬂidé),n dridl tohe trel warhebiel i fydbkoebemihandbed. It is also an
obj ect of invention to provide a new and 25 i mproved nmethod in which it is
possible to sinply prepare an electrode with a higher performance in use’
than t he I'prievifousihekrowobdleett pddéaveRuibhetoi bringanubbrastialiyhe

i nvention, ' 30 t e % t t hod and
t he use g%cgr%} 4ki§iég%|anveﬁgﬁgnggrgkgﬁaracgerggeaﬂg hﬁﬁgefgg gges
appearlrmth1I%dk?ﬂﬂﬁﬂﬂﬁﬁ(ﬂfQﬂﬂquelaﬂ§e§h@fetﬁédiﬁéépehé@ﬁtaclalns 35 23
FEB 3007 1 MQ 2004/ SH BlHE REHNAA0936000306nd  (ReLE UELBRAS] cahur gheol the

|nvent|on a ven in.the ndent cl ai , res ectlv
élcéﬁs are the predo ?nant ox1dagion agent, sg with

regard to non-desirable side effects of further oxidation

PN
e

agents, it is essential for inventiveness, compared with
the state of art technology, that the radical effects on
15 the materials to be disinfected/oxidised, are considerably

increased.

It is also an object of the invention to prepare an anode
wherein the consumption of energy is considerably reduced

20 when it is connected to a circuit according to the
inventien in relation to the volume of liquid to be - -
handled. |

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

25 improved method in which it is possible to simply prepare
an electrode with a highé} performance in use than the
previously known electrodes.

Further it is an object of the invention to provide a use
30 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.

35



“According to the present invention a nethod is provided 5 which--is - Sﬁkd@ loo
_inusing wire, knitted, woven or plaited wre nmesh net of netals fo

for, and production of an anode and/or a cathode which may be used to
produce a m xture of oxidants, and in particular radicals by use of

el ect r ol yWi02W04@8Be i nvention is characterised in that PaVNOdE3®0296
assenmbled with wires or wire mesh, knktted or plaited of tantalum niobium
haf ni um zirconium platinum rhodium iridium ruthenium palladium or an
alloy thereof, or a 15 mxture of different wire's of the abovenenti oned
metal . The ifweahteirod elag uclear adt ehiesédvientibat arbegtathoie tlse assenbl ed

wWith wireg, ,ﬁﬁ;dﬁﬂ%'éia h, r%gg%%%qggﬁxglaited of 316L steelwires, or higher

al | oyed co Ctive and T ésist terial. Further the invention is
characterised in that the wires or anode nmeshs and cat hode neshs may be

j oi ned closedneRf ey trdk Wrihewt S.Jﬁ@'éht&bﬁcb}' hegﬁaaa% bPRolh@lqa separation
nmesh, 25 nenhbrane or gﬁrse crossed squar in a non-conductive

oxi dafit rEYicY dift StEtt@Rle 1nwSaRg ¥l Fragﬁéatﬁgtmﬁﬁﬁe?h%r Bh¥Yeednd cat hode
in order ﬁﬂ§@t[h’ﬂtﬁh‘fetthﬁsa1ett(alw dveniisa f£shor Andi pcudﬁccmha@f ago According

to a prefglrraﬁze C?ndr?%q_,dlan% f t glcgv ntlggln ed gu i__g&uggnductlve mat eri al

may be artange the ano cat ih a coarse

squar e parirdrre Qﬁupmngﬁnbérth@ﬁeaﬁt@ﬁrthsularedaﬁyCﬁbanhYo@s©x¢ﬁant dur abl e

i nsul ati ng JmteNials Sromelectrolyte in order to provide an WO 2004/018733

PCT/ NO2003/ 00029 6 even current through flow over the exposed wre nesh or

wire et area. r. The invention is characterised in that anode/cathode i.s.
The invention is characterised in that an anode is

C; assembled with wires or wire mesh, knitted or plaited of
tantalum, niobium, hafnium, zirconium, platinum, rhodium,
iridium, ruthenium, palladium, or an alloy thereof, or a

15 mixture of different wires of the abovementioned metal.

The invention is characterised in that the cathode is

assembled with wires or a wire mesh, knitted or plaited of

316L steelwires, or higher alloyed conductive and resistant
20 material.

Further the invention is characterised in that the wires or

anode meshs and cathode meshs may be joined'close together

A without short circuit contact in that a separation mesh,

25 membrane or coarse crossed squared mesh in a non—conductiveh'

o oxidantbresistant matefial, which is arranged between the
anode and cathode in order to separate these to prevent a
short circuit contact.

30 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



5 ar+anged in a flow of hkiquid whi-ch has to-pass—-t-hreu
or that the anode/cathode is arranged in a vessel for production of
oxidant. Further, the invention is characterised in that by 10 el ectrol ysing
of freshwater one is able to use both cathode nesh and anode nesh in SS316L
qual i ty owohbugees73al | oyed netal. 4' Further, the invenPCDNOz®3DAIACE eri sed
in that by 15 electrolysis of freshwatger a woven, knitted or plaited nesh--
may be replaced with a plate in SS316L which is perforated by neans.of . .
phot ochem stry in order to substitute a wire nesh. 20 Advantages of the
present rRESTMEIHGEEY tdisushng leive oveirc #hec gxpenedwi iehinglhcarr ent  density
exceedi ngyitdhe deaaw HBlesFarraday to a wire assenbly or a woven, knitted or
plaited mesh of the netal or a precious netal as disclosed above, one
achi eves a high production of 25 radicals and reactive oxidants. This
product i cfhd drmiaiee&%n Aay tdheidatteyr itiegh ief frdet: laylog?é?ffdh&haf@e%sor gani c
mat er an i si.nfect pres invention differs fro i sting
eIect#olfPic §§ﬁ§6%1lsﬂ?f3%é§?§§' éfgkﬁ egP BFSFaﬁﬁEngg]ggﬁne |
hydrogenqnndnquihqdﬂmnah(Dhahathﬁﬂid@ﬂ&ﬁdﬂﬂbﬂﬁEeibsarpaegadednfaon1anodes
with a | gy NIl roduces the reactive oxidants, and
by prOV|d|ng aniﬂﬁfgttroéﬂggﬁﬁﬁgrﬁ?g'wﬁgreby t he production of radlcals may
35 be utilised nore optimally than previously. 23 FEB 2007 WD 2004/018733
PCT/ NO20GR{ 833396 the -Ehivﬁed’ﬁi\ban.smc%\éﬂr@%@eQMste'&elﬂnQQch%‘{/' ng a shape
including . a HE%S{Of negf as di scl osed, é%ﬂg wi re diStance of from 100
r&

mcrof t EEHOP T eSS To PO Rr& M 858gPREBr 6AtPB995000

m cron whessh tdrel netcale i X pos B AIGL quality or higher alloyed
( .

-

metal.

L

Further, the invention is characterised in that by

15 electrolysis of freshwater a woven, knitted or plaited mesh
may be replaced with a plate in SS8S316L which is perforated
by means of photochemistry in order to substitute a wire
mesh.

20 Advantages of the present new method

By exposing electrical current with high current density
exceeding the law of Farraday to a wire assembly of a
woven, knitted or plaited mesh of the metal or a precious
metal as disclosed above, one achieves a high production of

25 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
30 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
35 be utilised more optimally than previously.
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- (spacet) oF ﬁlgéﬁ%réPl

'vol tages exceeding the law of Farraday resulting in a high production of

oxidant close to the anode. By using the el ectrode structure accordlﬁbF 5 R,2007
the invention 10 the liquid to be handled is brought to pass a wire net

mesh where the opening in the wire mesh has an opening size of mninmm 15
m cron (13VPA§04/018333 passi ng the radical reaction wth adifeivosmoeess Sone

t Aousandth of a second, will act subsgantially on all the liquid flow ng
through the wire 15 nmesh. OQther electrolytic oxidation processes obtain 1-3%
radi cal effect on the surface of the anode. Wth the present invention one
obtains an efficiency of 95-98% wutilisation of the radical effect. This is

anode who 3£ naet adr PR BadR PP e 1ifag iV hd & BRSBRO LR (ot

- f 1 ows threu@ﬁshheffmﬁeahe%ﬁe@l%mb@@edﬂThﬂYwmgehnunﬁwehﬁtemcelbﬁers fromthe

exi sting rebgetpg! ME!:EoEeH: 5é9®@@%§@§oﬁ i hats %J&@%g@ jd e 2 cat hode
may be conducted very 3895 t oget her by neans o aratlon el enment
r

‘él%%’h whete e diehp la 1@o§|“§’é’s§&u§loed
non- conducbuﬂggeat ekcaédm@\cmé dlang 0 PapredLey et RITMGdigmMamnt a0hilghe
i nvention |t i refgﬁg% %hai each franme is covered by two |ayers of

wre mes?uro 5°3r pl GRS e %}fe tHE q‘er ane. is however
sufficient that the frame |ncludes only one wire nesh Iayer as shown in

lhoure 1%yl Bsang i el@{EF&a‘,ZO% ructud® ZOANAIRIIY LD I NQ%%QH%%QW% 10

Accordln e nost odi nent W re mesh or arallel threads,
12 antP 14theeépeewvépybe shppdheddl ¢ obr@se;mc siteasts tahé’léf@n@l@@t aestr ane 10
by exposi@Hert tRedopeHPs§aDhi ghe t@NSE ORed0THERS RITE @n@lees%lfbl y by

CE o e, 555 OGRS G g g BB g or 1 e
with a lifetime of some thousandth of a secdnd, will act
substantially on all the liquid flowing through the wire

15 mesh. Other electrolytic oxidation processes obtain 1-3%
radical effect on the surface of the anode. With the
present invention one obtains an efficiency of 95-98%
utilisation of the radical effect. This is due to the fact
that up to 95-98% of the liquid is passing close to the

20 .anode where the radicals spend their lifetime in that the
liguid in fact flows through the fine-meshed anode.

The present invention differs from the existing

electrolytic cells/processes in that the anode and the

o 25 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.

Accoxrding to a prefered embodiment of the invention, it is

30 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.



foil

exposed area on each plane side of the conductor are stabilized. Pos

the wire nmesh includes 10 parallel

-1s kept under sufficient tension. Thus the wires or _nesh coverln? the

t hreads where each tenth or tmentleth

thread is of tantalumwhile the others are platinumthreads. Onto one of

w re |ayer swd2eba@is/she frane 10 or said separation w re @}a
16 (of a PVS or 15 pol ypropylene nmaterigl) of a non- conductlng na erra

havi ng the exact shape (plane view) of the frane 10, is positioned and
anchored. Thus the openings 18 of the

er

f oi

and

separation wire nesh 16 are aligned

with the tﬂm'mngdhirﬁcj ovo iOpEmowts pﬂxﬁzf(ﬁretdhembmhmwh@ Bhud reheeshr egh 1 ow
are .’ [ e mesh 12,14

3931]%%; sai déés@%gelaé)f% % %ﬁg%ﬁéﬁg%ﬁ' sg)é b?%tn fFame 10 may be

5 nm mhll%ﬂqmese%%def EQ#ICQKﬁQﬁ%Pr ﬁé@@ealphkaﬁe§§Sa§9Iew &9 8,3 nm

(repr esentsmﬁmﬁ-@pa«f@ﬁsm besﬂ/wrp:te@eueeo%da@ese%@deys %Eﬂ?%); Thus
25 the water/|i UId t hrou g | ow properties of th ane in_ use,

openi ngs
is not co

obst r uct ed"ear"hu% ARGt

img aﬂ%ﬂt'aﬁraﬁﬁdé"GPQE&PﬁoﬂéldﬁﬁélQaes

sald

conduct i velés@frewéwimg mmmmﬂnem‘ustﬂyr eugh fthew 34 repem pesfbZatlat h pl ane

si des of
t hreads or

t he

connectin

e spacer 8 0N o

e be|n ed Wi erforate | a the wires (parallel
“H%}gﬁ 2 rﬁ ruf%¢1lClen b e %h% %@e 5e3nP Furt her

condum&ilveCva%\rlEIQ(fUIe exmswtamnsa anogarchl @ liane L:sdels n:éarhé;e 20 for

V0 2004/ 0357 @%@g@#ﬁg%o%%%bzg&wp' %%\éqlbt g’?%th%ng’c%rf?}n e 3“%.2‘#&%3’ (F The 2007
si npl édt) RAERLER] yEheead|therauraqhedtnsde unittiends eShowh Iieadf iguré 4 are

mounted Nl Agh 1 Ym ClRSEe tEn€asthtNQird R1akiigmmehres@st.nat said 5 spacer
18, provides for the necessary distance (for

| ayer

15

20

25

30

35

Onto one of wire layers 14 of the frame 10 or said
separation wire mesh, a spacer foil 16 (of a PVS or
polypropylene material} of a non-conducting material, and
having the exact shape (plane view) of the frame 10, is
positioned and anchored. Thus the openings 18 of the
separation wire mesh 16 are aligned with the through flow
openings 18 of the frame 10. Thus the through flow openings
18 of the frame 10 which are “covered” by the wire mesh
12,14 is not covered by said spacer foil 16, 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, is 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).



exanple of 0,3 mm between the anode surface 14 of one electrode unit and
the cathode surface 12 of the adjacent electrode unit. 10 It is prefét EEBi497
cover the conductor frane (as being of stainless steel) 10 and the sections
of the conductive wire 1 (wire nesh) 12,14 covering said franme, with a non
oxi di zabl e WR2844/033733 n order to protect against contact mEIWRNOL0000296

el éctrolyte, in a sinmilar manner as shown in 15 figure 1C. An electrolytic
cell consisting of a nunber of the abovenentioned pairs of electrode units
(up .to 50 pairs), may have a circular, or rectanuglar shape. A circular 20
el ectrode unit may for exanple have a dianeter of up to 1 neter,

representing dhee patercéhs gt fd avmfld henenistimpieet)elgebrebykg ccel | my

be pl aced in a_pipe, conducting the ter to he treated according to the
'invention,c?%f’e&gﬁpﬁ%sc%ﬁPéﬁuﬁé$ﬁsfﬁ%; g Lﬂhgﬁggﬁﬁlﬂiﬁ§eam§HPF?%ient
vol t age t omut@5l1hechmosletlecatddieotdetrs,int ke ignoeass wat ehaftl eatidg t hr ough

the unid eni J i h .aof nit, ai a cl ose
'reactiJE g%ﬁ%%%? Q#Q%Etﬁg)cgg?ﬁﬁﬁgéﬁgﬁi qﬁgafgéFég 5&ngésgﬁ%?%e(g§5de t hr eads
of the wirexamehe 36 The mraireigrdaryihes aprdgngusBagee 1dxpdngad vi ews

(rectangul af e @PELGE &M Aran@ SO HRfad ke drade hayers +2Q adglgce;i‘ﬂ:’ 16 of
whi ch each gnlt is structured. Fig. 4B shows the anode or cathode wi re nesh

where the $52cbratRt'%i%rame of a superior rigid conductive material is 23
FEB 2007 WD 2004/ 018733 PCTI NO2003/ 000296 12 supporting the exposed anode
face Ln order to ohtain an e yrrent tr.ibution over a

F;rggtgfgglgfi?hpr% %%?%ft?n%ﬁy%;rHE%{?”%%%X%PS%rﬁgeaﬂﬁggﬁgénﬁoofhe
conduct or staambess dHotdl bi HesandHehaereaddedise ifv 8 hepacindgcrratver walcein 5 t he
s@me shape @s L Nfe i 01 fo CONAUSI &1 ild AR LMot 26H8H LOnon

oxidizable material in order to protect against contact

with the electrolyte, in a similar manner as shown in

15 figure 1C.

An electrolytic cell consisting of a number of the
abovementioned pairs of electrode units (up to 50 pairs),
may have a circular, or rectanuglar shape. A circular
20 electrode unit may for example have a diameter of up to 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
e 25 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.

30 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

35 conductor frame of a superior rigid conductive material is



one of the meshes at one side. The assenbly of a single anode or cath¥ﬂ§¥ﬁﬁ§7
be stacked in nunbers from one anode and one cathode up to 50 altoge

10 Anode and cat hode mi ght be of identical material or different. In case., -
of simlar material DC power applied mght be alternated to avoid scaling
and unevenwexmo4/@8™3 wear. Anode size m ght each be norepchaw2003m00boanet er .

Fl ow 15 capacity mght be froma few lapres /hr in the smallest <cells to -
nore than 1000 nB/hr in each of the largest cell. Typical current density

at 316L anodes is.38 mAcn2 provided C content at 5 ppm For noble netals

t he above SPRRRTbLed tRRtPFE27ANWH W @Hsife BdRS M Draex. t20 The

Wi rehme]csh oBya De ix}?rm. o o@aﬁ%wi@mdrwhdﬁs:mzeca l&%rgfia' |ae.c|deat Q;zolrl%; angther
to the frapne, or . 1.ndi vidu res that ar ven, knitted or aited or

i nduct i on- %@t d%%lotﬁjog}f o‘f‘ﬁ’ﬁ?fgt afﬁ’%r%erﬁq dnsecﬁ%%e#ﬁé’ dilg PO et ween
each par al &téméraf eratdh ys eded. | Pioe icduatondue: iore tdye querd araatead afloiiln i s
attached tp,f he, gondyetl ng. f e P%{'&S@orﬁué&b@‘ {Ndle & CaFt{t'a%%'eaC%%t act 1s
achi eved for_even current 30 di stTibution over expose& el ectrode area and
exposed ePretebdehareeshesonesonensidm stabilised to elininate use of
conventional spacer,. whereupon franme or conductor is isolated fromthe
liquid electrolyte by an_oxidant- resistant isaolator/coating. 35 23 FEB 2007
WO 2009/ oﬁ‘?%?%‘?ﬁ%%&o@%/@oﬁlz%l‘isanqcﬂe i TR 998 &y e‘gﬁaqlﬂ?& Wl er to

be processgambétouphom aonecivends abnPasrid A ivxdd agd alo i90 Wldgettherenove al |
parti%kps and organisns |arger than the |light aperture in

Anode and cathode might be of identical material or

{ different. In case of similar material DC power applied

L

might be alternated to aveid scaling and uneven tear and
wear. Anode size might each be more than 1 m diameter. Flow

15 capacity might be from a few litres /hr in the smallest
cells to more than 1000 m3/hr in each of the largest cell.
Typical-current density at 316L anodes is 38 mA/cm2
provided Cl content at 5 ppm. For noble metals the above
have been tested to 270 Amp at a anode area of 0,5 cm2.

20
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

25 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
30 distribution over exposed electrode area and exposed
electrode area becomes tension stabilised to eliminate use
of conventional spacer, whereupon frame or conductor is
isclated from the liquid electrolyte by an oxidant- ’
resistant isolator/coating.



the electrode. 5 Further, after the liquid has processed according ta;thg 07"
invention it is directed through an hydrophobic adsorption filter or

hydr ophobi ¢ adsorption nedia in order to renove potential excess organic
conpounds. 10 After the treatnment, the liquid is preferably directed
through a wbanet/018783devi ce in order to renove electro fPOTADRIOHGM C
maeterial. 15 The exposed gap between angde and cat hode have no need for
conventional or further spacers, as spacing is provided by applying a foil,
menbrane or coarse qf nan conductive material of the sanme shape as the
frame itseFF.l?hBre%FéﬁﬁaEEedhfﬁﬁF ble adatemw R e PreseTid thuAuEs that by
20 thfa invelntnbehanﬁtansﬁaﬁssaﬁéeﬁker@bfat nirahdih'rcﬁkcwl’ﬁ}ﬁ?véj%mﬁﬂ tdy with i’i
very | ow vqlt sonethin hi ch i nvol ve_, that, the Law of Farraday easily
1o Uxcoedel i ERAEE FrowrBRo EHip ki TEbet IR N ST HhRF SAfes ed
producti ontbf edesttide.oxi dants is provided. 25 Anot her advantage by
applying wire/mesh or perforated foil at both sides of the conductor frane
s that it _allows m®2 uppscaling for extreme currents passing to the
exposed ar Eartheur:eﬁé‘é@roﬁpgi $1gAI8nhe § PERCE SRR aeverdinattdhdie si des 30

al lows pl agapeRtieh acthkindspactad £Fa5EgRtaR Ol fuSbEtesh i MEdS A1 gt hode
nesh/perfora&ed f0|Ihcan bg Blace close” to the anode in a distance down to
0,3 mm W EALEEFyPRghYHTePRARES ABPRIPHLA" AMIL VDt DIERY ) hr ough an
el ectrode. p3beREBa20€éxce¥\® 2004h0&873BpMGTANI2003/ 000296 14
10 .
After the treatment, the liquid is preferably directed
@ through a flotation device in order to remove electro

flotated organic material.

15 The exposed gap between anode and cathode have no need for
conventional or further spacers, as spacing is provided by
applying a foil, membrane or 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

20 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 5Smm thick frame covered at both sides

30 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.

35



The present invention differs fromexisting electrolytic cells/proce £S5 in__
that one by neans of a very |low voltage, may obtain the necessary hiéﬁ kB 2007
current density of large area wthout this reducing the volune through flow -
of the liquid 5 to be handled. This also inplies that |arge vol unes of

liquid to Beobeawlssds nay be treated very cheaply. The voleiRofabaghdsy Of

the electrolytic cell is not changed in4 contrast to other electrolytic .

cells even though the distance between the anode and cat hode is reduced
fromi.e.

05cmto 0,3 nmin that_the same volune-liquid fl ow goes
t hrough t he*andteS ahb &aYﬁBHéo?nﬁ’e%%%'b% T HHS Thitu &l e diralatde bet ween
them The qrEbentroowsstsobndihiferend rommdmmexitstd RGranQdRs viol tal,t hat the
use of wr t nsj de degr.ee .i ncreases , the are f the anode
conpar ed t’§§¥.h§b§%’?§h?}’gf E%?%g?%ﬁ)glhl%l}mmﬁfee"r edlesdHal .(11%9?, 3RE costs
of the pr ee;itimut rreln'aissr_adef:amgoth@dmﬂadna:dﬂsiod@mmmuatoﬂ hehes arteputiidre as
the effg cighcye pl%n&fgd. i S} Céf@éeﬂne%ﬂ%ns-r?ﬁ‘ﬁ q?dqute |%\1%I9,%:so%fdl ffers from

existing electrolytic ceIIs?process t IS poss e to obtain high

current dehsityd BO|BH BRRLAPLIDA R EIRARE Hirya MiegPl n-hiTdegh f1 ow by
vol une of ‘dnuhél, casatheydbst ane e hedveay A% tdg 1anede AN nealgeede can be

d dto 0,3 1 th t hi i t it f th | ectrol yti
ol |- 5o CHIETITE k) BEPGE oL F AP L el 1 071 Ico PHRY (SPOF ATer eoh wat or
(surface whizramoel Qebuaenwaberjnodd aNd kedteder dsentedureentfirom iit. el.s
Possi blge o GEbLnG $Nfy EhTEEL: Alndll LRI QN JIRLA!S FPT 2XATRLG, an anode

o] udi ng anot her p I

mesh tantal um 1 hcl SONe Wres o €cl ous fromthe-
pl ati num gklupugipr e cencdai ang exdmede rigdlagsinglerdnd thytdeogart uadr oxi de, and

very littlg hwpo-ehhotikenapfem> chloride dioxide. This is due to the fact
that all flow of 23 FEB 2007

.f
(A
.

The present invention differs from the existing anodes in
15 that the use of wires to a considerable degree increases
the area of the anode compared to the weight of the metal
and the real surface. Thus, the costs of the precious
metals are also reduced considerably at the same time as

the efficiency per cm?

, 1s increased.

20
The present invention differs from existing electrolytic
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'

25 the ano@e and cathode can be reduced to 0,3 mm without this_l_' .1“\
reducing the capacity of the electrolytic cell, so that it '
may be used with the iron conductivity in fresh water
{(surface water and ground water}.

30 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
35 chloride dioxide. This is due to the fact that all flow of



WO 2004/ 018733 PCT/ N02003/ 000296 15 current will take place fromthe

preci ous metal wires such as tantalumimmediately will imediately obtEiH007
an -isolating layer of oxide. 5 The present invention differs from existing
el ectrolytic <cells/processes in that it can be used with a | ow cost for
treating | a¥@eoosorazses of |iquid, such as surface water, pciashedbss and
ground water with the conposition exis%gng in great parts of the world
today. Even with both anode and 10 cathode of 316 L steel or higher alloyed
metal w thout the anode oxidising or corroding. This is due to a high C

el ectrode (Sltll.'_ff(;l@ﬁe wilh w@kydﬁmg:mml ) UﬂeOlprfc_iQﬁt%r e tiad w@ﬁ:@gu‘éiugﬁ the
necessary oxidan ozone_and_ radi ca .even. W th the average conductivity
in ground %%t%?n%%%u%u+?%%%3aﬁép PEQ@-@&F@PFafﬁ%YpP <8if PRvention is
.characterissdlaninhatayéyguofl smide be conducted t hrough anode and cat hode in
that a frame of conductive material is fixed to the anode and cat hode nesh
20 with sufficient contact, the nesh is preferably conducted at both sides
.of the ¥rahke Rresehe toveRetor difhars Srofoamdd tiinoh edesbrodyitdiczabl e

material i QeDIdPEréfePEOteLh tROAI NStcaPMeaGlsad W1 tel actibg! ¥her FRe spacing
material in a  pon-conductiyve OX',fgéﬂLt' resistant material may be provided 25

wher eaf t er ST FRE AR db2 B¢ cHe hytes jauidss Site@s PNELaSBalREG material is
of identiciteshapetas ame¢ gomihudtvated rdnth amd efonpaisyiitagnt bikékheng. The

devi ce accordin o the invention w|l_ be ex ined, .3 re in detail with
reference t' ?ﬁ%a'% of %‘5%5 n§¥ tgkﬁ)%c‘f?ﬂccjattloc?%‘ yain? e RS g)\?/ir{ﬁg a&f"%\ﬁ ﬁﬁg
wher ei ¥ Fegthade shbwela keherat i@ pligher ewlofyeah reedewitdbud hihgh
conduct i Vi LyoGU §£PRPEI) g T EAME L SPURT UL N 2 RINFL MMhign 35 mesh of a
noble nmetal. 23 FEB 2007 , :
i, electrode surface with very low consumption of energy is
producing the necessary oxidant (ozone and radicals) even
with the average conductivity in ground water and surface

15 fresh water.

The present invention is characterised in that liguid may
be conducted through anode and cathode in that a frame of
conductive material is fixed to the anode and cathode mesh
20 with sufficient contact, the mesh is preferably conducted
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
R 25 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
30 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
35 mesh of a noble metal.



WO 2004/ 018733 PCT/ NO2003/ 000296 16 Fig. 1B shows a cathode frane 3
including a woven, knitted or plaited wire mesh 4 (for exanple of st&f RFR3Y7
steel 316L) . The superior conductor frame 1 to which the wire 5 nesh is
fixed, is isolated with a nol ded oxidant-resistand isolator. Figure 1C
shows the SWBe0E&28133n of the oxidant-resistand isol atorpsynbefishEiIsE
numeral 5, in addition to the other 1p.details of the. Fig. 2 shows an
anode of wires which are fixed to a superior conductor which is isolated.
15 Fig. 3 shows an anode of a foil which is fixed to a superior conductor
which is isolated Fig. 4A shows an expanded view of a rectangular el ectrode
structure,p i Qu i ecificati.on. Fig.
4B shows an X gﬂéﬁgnvféﬂféﬁhl C|rcu§\n\é 3 ﬁé%%%g BB ét%%géﬁfekaéggﬁglng

t he |nventQENpl§¥¥ﬁﬂgrlﬂ? Sk %1@ﬁ&n|&%@m§ﬂeaﬁfeﬁéé#ﬂéﬁyﬁl@t@eﬂl (with only

one set of3ggy, Anoge: %&@Jp%ma @ afeMB! L6 mcﬂa%e Rfix@ Wre,
pl ai ted, woven oré§|tted mesh with sep aratlégFifl nesh between the anode and
t a

cat hod@ i MoHYers tlf 4fitvem EolafGa WﬁtPCG|W° pE1IAPRE FRgiEdand
processed idbldwdrit 30 is conducted through the anode and cat hode so that
hydrogen is conducted out fromthe cathode and away fromthe anode. The
structure shown in fig. 5 was used in control and verified experinents for
treating tFieyues | EStshwatertfa a5 stritgonapd thel odiidgnseaewdasérndont ai ni ng

bacteri 2. 14618353 (HFR A0 en 0 AG14733,PCRLNR20ASLA00ZR0 1 o 07 gan s
al gae and spores. wat er | ncluding a hig egree o 'ut'ion
condudted 4?ﬁ%ﬁkﬂ1Qﬂu$hﬁHI once,

{

Fig. 2 shows an anode of wires which are fixed to a .

superior conductor which is isolated.

15 Fig. 3 shows an anode of a foil which is fixed to a

superior conductor which is isolated.

Fig. 4A shows an expanded view of a rectangular electrode
structure, and which is disclosed previously in this
20 specification.

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

structure according to the invention.

25 Fig. 5 shows a section of an electrolytic cell (with only {9
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 cathede in order to prevent a
short circuit contact. The liquid is processed in that it

30 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
verified experiments for treating the ballast water from
35 ships and including sea water containing bacteria, micro



as shown by arrows, with an anperage of 100 A The result show that ,10p%6 0k
t he abovenenti oned pollutants, including 5 spores, where destroyed. ,&n
éxtrapol ation of the results based on the experinments show that the

requi red consunption of energy will be 5kWh in order to handl e 2500 nB/h
_process waGr004p18M33an anode surface of 2,5 nR. 10 Si m | @CNG2063/md96Ct Ur €
as* shown in fig. 5 was used to prove pxidant production in fresh water.
Wth an anode/ cat hode-di stance of.1nm and an anode of a precious netal
mesh produced 0,5 ppm ozone during one through flow. Up scaling nodels show
t hat 2500<mmgankeﬂnuq&9a¥7ae@wanqn¢s 19hgnvatedeingiidéngor Righne. The

exper i mentg éGHEE dmidMﬂam ama%nQQ%dﬁ%%Qdaﬂﬁr@@bhoéﬁe HE§B Ohcsl6 L stee
During one t ou | ow 0,91 ppm ozone ro uc he dri nki ng wat er

with 80 Va3hdfhPWE Bip ef—’ird’wse ag §§‘§te|r8f=7eof° aﬂ%gl Bct FBPyF?E“H’eI | there
foil or viireas mestt ti®0fhiath tand iapeivémens i addddpbathobhtsheipbdidingur f aces

wher eu onthellqw S d thr ugh.th cat hode neach i de of the
.anode go tsrPa%r%SYdroh%eﬂne oeessrlr;lé t%ijS %qurﬁpggﬁg:égp \%Igth Fheeﬁ’ﬁ&sﬂ% or in the
field betwsssed hm @ﬂ)wmntﬁmﬂﬁo@éxowmmtelthet relkyptiredcebhswast ised f or

destruct! afe Andily wiAlIORS Y dr0 e gn%o( Réﬁhlanésﬁr@%@?hpg%&&égs ina

sea 30 water a careful i tion,of elect nd circul.ation
of the m Xfafer diﬁrtihﬁ@‘?@f}ﬁqﬂjtsékrfaﬂ?eolfAﬂ-' cBntent was reduced by 99, 6% and
the PCB-content was reduced by 76% based on relatively high concentrations.
FEB 200§7 V]\%éoo 018733 I?:CT/ NQ2003/ 000296 _18 ome furt ﬁ exanpl es of
the i MPent dH Srcaifidte ExAUOIE 1+ AF 81 ect '86eU8E9ck®as descri bed

in Figure gidwoonpridamy groduction in fresh water. With an
{ anode/cathode-distance of. lmm and an anocde of a precious
o metal mesh produced 0,5 ppm ozone during one through flow.
Up scaling models show that 2500 m’/h require 87 kWh with
15 an anode surface of 2,5 m?.

The experiment was repeated with an anode mesh and cathode
mesh of 316 L steel. During one through flow 0,91 ppm ozone
was produced in the drinking water wifh 80 V and 3 A.
20
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 liguid is conducted through the
cathode on each side of the anode so that hydrogen does not
25 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
30 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.



anodes and 6 cathodes all of 316 L steel and a total anode 5 area of_ 1013 _ .
cn2 were assenbled with a 1 nm spacer as described in fig. 4. The |IdHE§BZMW
flow through the cell was at a rate of 10 1/mn. Effluent was untreated _ -
drinking water froma surface source with salinity varying between 1,5 and
5 ppm andw@ 10b4/08g33 humi c content. E-coli bacteria 10 wetenagdethobet he

wat er at a concentration of 560.000 bagterias/m. Passed once through the .
cell with current 20 Anp showed a total disinfection efectivness in al
sanples taken after treathnent. That is sanple series taken between 2 and
20 m nut esSARe eFubEaRE EXFHULAS tofe e |LnvERtiRe sarensanpkesensed.anal ysed

for trihal prtpemes (Cloro- rganlc and bronnorganlc conmpounds) . These

sanpl es s results in nge Qqf pph. This is extrenely

| ow corrpa?%‘ﬂ e%?’b‘?‘ii%a?‘f%%k o‘?s \/&%’fl%leﬁo&n @&@HFeoﬁBZGOB‘Q&léllP& Wwas nore
than 10 | canddy ap@l@umagtﬁ@désm ofmqusxe‘éheaaarra getkap amddasi mlar
wat er i of el ectrodes was
ﬁU|tIp|Ied§#O ac |eve W%&%Hggé %é%?gge e scg é Was *P8°Phalfi vate | PN
Virus. 25 @Gestrydded0ihofByi n‘bctTh@tlmumhsflmhltéI\r@dgat the Aepl whwsrt her nore
Areononas gal fopi € das WBG B fh | Naek a/éﬁteqfa\@ ;;bltrteia%gaaﬁélhggﬂ t same

conditions. Total restoxidant varie from?O LE 3 30
Produced Wﬁﬁ%ﬁrfﬁ%m$o@Is%h@ﬁﬁ%ss%ﬂﬁﬁﬁuﬁ%Qﬂwﬁﬁdﬁ@&ﬁﬁlHQIPAHG ber#essar bons,

Phenol s ang, BERX W;B;blnﬁlﬂrﬁkﬂfﬁltﬁnthlqirof}ﬁ.@dltd aldnaRnvas epassgdvhbreygl 1 noble
metal _anode OfO%)g ted re cloth and 2 cat hodes as %h ‘i fig. 4B. _
Anper a g WIS S0 N 1;aﬁ"nd FoltEr & BEWE RS 1o R rg}[@@ Q@OV\B.S 180 1/ i n.
Phenol s weracredigednl r obad580 onor ograoddh 2heFER 12007+ h\W\WOu2@e4/t0 28733
PQT/NO2OO%&%903§§wed a total disinfection efectivness in all samples
taken after treathment. That is sample series taken betweenﬂ
2 and 20 minutes after passed trough the cell.
15
The same samples were analysed for trihalomethanes (Cloro-
rganic and bromoorganic compounds). These samples showed
results in the range of 0.9 - 2,5 ppb. This is extremely
low compared to clorination of water. Total count of
20 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.

( 25 Desired 10 log3 inactivation was achieved at 60 Amp. i)
Furthermore Areomonas Salmonicida was also inactivated with k
the same log at same conditions. Total restoxidant varied
from 0.7 to 1.6 ppm.

EXAMPLE 3

30 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. ’
bmperage was 300 Amp and anode area 180 cm2. The flow rate

35 was 180 1/min. Phenols were reduced from 1580 microgram/1l ’



19 to 0.51 mcrogram/1. PAH 16 was reduced from34,7 mcrograml to 3,92
njcrogram 1. NPD was reduced from 114 mcrograml to 3.92 nlcrogranil 3F o7
(GO - c40) was reduced from16 ng/l to 2,41 ng/l 5 EXAMPLE 4 A contam nat ed
fluid froma oil refinery containing 1600 ppm H2S, 2-3 % Phenols and 2900
ppm Ammoni WOwe/08BEessed through two noble netal wire p@EshoRRHIRSsSt acked
with 3 cathodes of 316 L steel nesh. fyode aerea total was 225, 10 cnt.
Current was 300 Anp. Flow 140 1/min. Cl-content was 2% NaC . After batch
proccesing a volume of 40 1 for 15 mnutes the H2S was oxidized to O ppm
and furt héro 16 5himitess pocdssiBig rlés whtsededncadmbmbunB¢pit ent of 3 ppm
and Phenol, s rocessing pH was 15 controlled by
addi ti v‘es.mlq%%&cﬁl;‘%m 5 %83 Ingj[))rl %nggtgﬂpngs fromoil and gas industry was =~
processed NER dlafh %ﬁ’FhéﬁF%fétg ldfd &yl cEefdirf/ dn§oas - 9deBtFrpaEARAL EXAVPLE 4.
The cutti ngsomagc i sperged wadd o 20:ke20 robrefikl Hgnt €enpainipg/e % Nadl .

Scope mas ngﬁf Hydrocarbons fromparticles. Initial content of 7,62%
t ot al FN vas reduced to 1.32 %in an hour processing. EXAMPLE 6
Deep bl ue A exdnitt &emibya tned \Aﬂ]sm:‘ed/vaimm wsiﬂa&sédnblnyoughtamnlﬂlj aaode of nobl e
metal thr d et dy [ d nduct or
frame so t ﬂélﬁ%e éggg ano e o% @%&gs gﬁ”ﬁ&ﬁ n?h Vag g g?ﬁodes was
wire neshtiofogiltee e@bl@meltaﬂagfl@@t ole spr epedeed skrcked| '0wt1186 1/ mn

through the,wlssds ode. 3 Mol B & tne MAChAnERARL 3@&«35‘%3@91%55%@52’85 270 Anp.

In 25 to 35 seconds the waste water _becane bl ank
16 cm2. Current was 300 Amp. Flow 140 l/min. Cl-content was 2%

NaCl. After batch proccesing a volume of 40 1 for 15
~. minutes the H2S was oxidized to 0 ppm and further 15
minutes processing resulted in ammonium content of 3 ppm
and Phenol content of 300 ppb. During processing pH was
15 controlled by additives.
EXAMPLE 5
- 250 g Drill cuttings from oil and gas industry was
processed through an electrode under conditions as
described in EXAMPLE 4. The cuttings was disperged into 221
20 of effluent containing 6 % NaCl. Scope was to remove
Hydrocarbons from particles. Initial content of 7,62%ltotal
Hydrocarbbn vas reduced to 1.32 % in an hour proceésing.
EXAMPLE 6 '
Deep blue textile dying wastewater was passed through an
25 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%.
30 Current was 270 Amp. In 25 to 35 seconds the waste water
became blank.



AMVENDED PATENT CLAIMS 1. Structure of an electrode of electrically 23rEB2007
conducting 5 material for use as an anode and/or a cathode in an

el ectrolytic cell, and conprising a spacer neans to prevent electrical
contact between el ectrodes when used, and being arranged for through flow
conducting of a process liquid, such as water, to be treated, characterised
by, to a conductive franme (10) having a nunber of liquid through flow

openi ngs (18) and including nmeans (20) for U connection to a current
supply, one or both plane sides of the frame (10) is covered wth a
conductive perforated foil or a wire megh (12,14), 15 and the spacer neans
(16) is a perforated foil or wire nesh being adapted to cover one of the

pl ane surfaces of the perforated foil or a wire nesh (12, 14), and the plane
section of said spacer foil corresgonds mainly to the plane 20 section of
the frame (10). 2. Structure OWM{: ding to claim1,
characterised in that the wire nesh or wwre nesh net (12,14) includes
paral l el thread C n hr ea of tantal um
while the i n?gr%e %?‘égg rggld%mar?{er&% Eﬁe&é&tﬂc lﬁ'g Qén u%Féngccor ding to
claims 1-3 chFa-re&TéFérﬁg’éd-‘ﬁ% ast fatanee \ﬁPF‘é@FO’f qaﬁ@"ﬂfr@ fdsh (12, 14) are

i ndi vi dual |y eBirtioopriOOcalilcr end ¢ompt56600g A (IpekRerapaiis ta:n(ibmhentt hey are
woven, kni tte&eetr}qusilQ&byfdtdsewéerp'e%egéoaﬁ Q,h@ﬁshse&ma%d %@%gl aperture

of from 15 mcrons to m crons Structure accordi

precedi ng cl &#FR2nI88 gﬂ’ér'ﬂﬁ%gPsE%‘f (FOPREECERE P Rnr Br‘l‘\‘é%s"’a q&ﬁfé‘trer |n a
range of 0. Cb@hmust gatermmtBeFEBRGQY 21claraStteadsed éwyccordi ng to any of

precedi ng, £ ai my, conductive frame (10) having a number of ligquid
- through flow openings (18) and including means (20) for

----- : connection to a current supply,
one or both plane sides of the frame (10) is covered
with a conductive perforated foil or a wire mesh (12,14},
15 and
the spacer means (16) is a perforated foil or wire mesh
being adapted to cover cne of the plane surfaces of the
perforated foil or a wire mesh (12,14), and the plane
section of said spacer foil corresponds mainly to the plane
20 section of the frame (10).

2. Btructure of an electrode according to claim 1,
characterised in that the wire mesh or wire mesh net
(12,14) includes parallel threads were each tenth or

25 twentieth threads is Dfltantalum while the intermediate
threads are of platinum.

3. Structure according to claims 1-3, characterised in

that the wires of the wire mesh (12,14) are individually

30 from 100 microns to 25000 microns apart, and when they are
woven, knitted, induction-welded or plaited inte mesh, have
an air aperture of from 15 microns to Z5000 microns.

4. Structure according to any of preceding claims, -
35 characterised in that each wire has a diameter in a range
of 0.010 mm to 5 mm.




characterised in that the foil or a wre mesh (12,14) is fornmed of 33fEB2007
tantal um niobium hafnium zirconium platinum rhodium iridium

rut henium palladiumor any alloy of 5 these, or of an alloy or an
conposition of wires.of the different aforenmentioned netals. 6. Structure
according to any of preceding clains, characterised in that the foil

el ectrode (12,14) consists to of a plate in 55316L or higher alloy netal
which is closely perforated by photochem stry. 7. Structure according to any
of preceding claims, characterised inthat the through-flow openings (18)
of the 15 spacer means (16) are aligned with the through flow openings (18)
of the frane (10). B. Structure accordi'ng to any of preceding clains,
characterised in that the spacer foil (16) is a PVC or 20 polypropylene
sheet and i s Swel détiructurgeacrafdingl Gp. agy ot pyecedtinmcdeigéng to any of
p[)ecediSrlg cl @hdBactEHACLAr tE2E dhe EBal dhea bﬂgﬁkﬁhﬁs‘-}ﬁ @b, m%‘ i arred( 10)
about mm %%"gg‘tg;“€g’“‘“‘T'e r ode..accor di t.0._an recedi ng

cl ai s, charactrerlsed tllén tgfrliu{"' trhlébﬁ'%n ﬁli Y “g&é}e“a‘ m‘ 'g

oxi di zabl e NEDEPLER. | I IGHHEY F‘bﬂkﬁfﬁ-t“@ctl'-‘%b‘ai%ﬁ%“ °€0"7‘R1a@‘tllﬁ/¥t%ft he mant i oned
process | bquitdles8D dd.ofStanual Loy cacear dospdieianyodfwipescedi fige cl ai s,
characteriseg;, Is from 25-1000 m crons and

di anet er of gagﬁe%%?% o%%?le%ﬁh JF%)%CP%Q%%%% m crons. 35 23 FEB 2007 22 12.
Met hod for preparing an electrode according to claim 1, characterised in
that perforated f®ttucdmrel precoeding to any of preceding claims,

characterised in that the foil electrode (12,14) consists
10 of a plate in S55316L or higher alloy metal which is closely
Y perforated by photochemistry.

7. Structure according to any of preceding claims,
characterised in that the through-fiow cpenings (18} of the

15 spacer means (16) are aligned with the through flow
openings (18} of the frame (10).

B. Structure according to any of preceding claims,
characterised in that the spacer foil (16) is a PVC or
20 polypropylene sheet and is welded to the frame (10).

8. Structure according to any of preceding claims,
characterised in that the thickness of the frame {(10) is
about 5 mm.

25
10. Structure of electrode according to any of preceding
claims, characterised in that the frame (20) is covered

with a non oxidizable material in order to protect against
contact with the mentioned process liguid.

3D
11. S3tructure according to any of preceding claims,
characterised in that the foil thickness is from 25-1000

microns and diameter of each perforation from 25-2000
microns.
35



sheets (12,14,16) are anchored to the frame (10) by subjecting the 23FEB2007
perforated foil or wire mesh sheets to a s stretch or tension force, and
then being forced against and fixed to the franme surface by neans of a
wel di ng and/ or -adhesive operation. 13. Method according to claim12,
characterised in that |10 the perforated foil or wire mesh sheets (12, 14, 16)
are anchored to the franme (10) by friction welding, |aser welding or
preferably by use of pressure/heat and bonding and exposing the foil or
wire nesh to, said sufficient tension force. 15 14. Use of the el ectrode
structure according to clains 1- 11, iA%an electrolytic cell where single

el ectrodes according to said clains are stacked and interconnected to form

anode/ cat hOd?Z.palMe%hbH W%aii@%nﬂ%l%EQIH&t&&Qagg atd Qqelser inside a
pi pe, for cessi ng, of i belnﬁ %ﬁQEUCted ?hrou h the

el ect r ode- pa Tsﬁi—’@ﬁgﬁs—é%?—&r Fﬁepi)’ff}? ate Eﬁt‘?e‘ﬁ"fs}t s applied to
each pair ofshemteddldnddchdhede. agshdfed Uoethé Btaaet r(d@k By T ucture according
to claiml4 éttbjaé?stﬁbeeté %ﬁiﬂceaeetilfmo%esawg Aéslt,wsfléét@t@cr awhere the
anode and cath %b dentJ c r|a g é% rent, and in case of
simlar matefid °5|F§%ﬁl?ﬂJFP§ﬁ? Ei? SREP BRINT SPTCRT GRIZRF Tl nat ed t o
avoi d scali n@m tgn&bhenframe samdace® meaeanscof Wseredflingemid/ade structure

accordi ng t o ki ebakiBionld-15 in an electrolytic cell processing
liquids/water in that the flow capacity mght be froma few litres/hour and
35 up to nore than 1000 nB/ hour.. 17. Use of electrode structure according
to clains 14136 Methad ateurdisbyte cclsn 18y ockstsaterisedids/thatter in that a
23 FEB 2007 ¢ye3 perforated foil or wire mesh sheets (12,14,16) are

N anchored to the frame (10} by friction welding, laser
H

A

welding or preferably by use of pressure/heat and bonding
and exposing the foll or wire mesh to said sufficient
tension force.
15
i4. Use of the electrode structure ‘according to claims 1-
11, in an electrolytic cell where single electrocdes
according to said claims are stacked and imntercomnected ta
form ancde/cathode pairs in numbers from one and up to 50
20  altogether inside a pipe, for processing of liguids/water
being conducted through the electrode-pairs of the cell in
the pipe, in that a current is applied to each pair of
anode and cathode.

25 15. Usae of electrode struckture according to claim 14 in zn
electrolytic cell processing liquids/water where the anode
and cathode is of identical material or different, and in
case of similar material, a direct current DC power applied
might be alternated to avoid scaling and uneven tear and

30 weax.

16. Use of electrode structure according to any of claims

14~15 in an electrolytic cell processing liquids/water in

that the flow capacity might be from a few litres/hour and
35 up to more than 1000 m3/hour.

17. Use of e=lectrode structure according to claims 14-16
in an electrolytic cell processing liguids/water in that a



typical current density at 316L anodes is 38 mA/cnR2 provided a C gg@kgg%w
at 5 ppm and for noble netals the current is 270 Anp at an anode area o
0,5 cnR, and the distance between the anode surface of one electrode unit 5
and the cathede.surface of the neighbouring el ectrode unit may be about 0,3
mm 18. Use of anode and cat hode according to the preceding clains 14-17,
in an electrolytic cell, for production of 10 oxidants trough el ectrolysis,
for oxidation of organic 1 material in liquids, and organic nmaterial on
particles in liquids. 19. Use of anode and cat hode according to the
preceding is clains 14-18, in an elecggolytic cell, for production of

oxi dants trough el ectrolysis, for oxidation and destruction of bacteria,
spores, mcro-organi sns, algae and virus. in_liquids. 20 20. Use of anode

and cat hode 5¥BHrah FYIL8Ot HRNSLEY RF il Slc FRPARS 138 £8, ™AACE& el ectrol ytic
cell, for prodoeidean aofl oxitcamnt stt3 qupal) ahdcfoolnile, mkogls raad nent of

fresh water gpd ii@'kwglﬁﬁ@z%?" afOartode 43820 fa@'@%ﬁ@ndalﬁt%de according

to the preceding clains in_an electrolyti'c cell, ch polluted

| i qui d/ wat er 9t SE¥EFd BELBERR FHSUGRC R SHIFASEgRAT F PRRY SIFERFRTR UHM8) of anode
and cat hodle shdifhe cekhed8G 2T actisef afhamedghbouirioat lkddetaedondiitgy to t he

precedi ng cﬁa%qﬁaggbgg,gjylﬁm el ectrolytic cell, for production of
oxi dants trough electrolysis, for destruction of virus, spores and

bacteria, and m cro organi sns, algae and algal cysts smaller than 100
m crons in bafl adtsenafeanddsorndhipehod=l3mceardike tof thropeeemtingat hode

accor di ng t ol AguPraced] nn 4 ahEEcAdrAdc Whele £ drbgubeiddas i S bei ng
treated, o before It 5oL LAY 8PP Al NG AOCLIELANE Y Byl 23 FEB 2007
C_

) } material in ligquids, and organic material on particles in
J
fa—

liquids.

12. Use of ancde and cathode according to the preceding

15 claims 14-18, in an electrolytic cell, for production of
ozidants trough electrolysis, for oxidatien and destruction -
of bacteria, spores, micro—crganisms, algae and virus. in
liquids.

20 20. Use of anode and cathode according to the preceding
claims 14-19, in an electreolytic cell, for production of
oxidants trough electrolysis, for treatment of fresh water
and drinking water.

—}‘ 25 22. Use of anode and cathode accoxrding to the preceding
claims 14-21, in an electrolytic cell, in which polluted
liguid/water is conducted through the through flow openings
(18) of anode and cathode of the cell.

30 232. Use of anode and cathode according to the preceding
claims 14-22, in an electrolytic cell, for production of
oxidants trough slectrolysis, for destruction of virus,
spores and bacteria, and micro organisms, algae and algal
cysts smaller than 100 microns in ballast water from ships.

24. Use of anode and cathods according to the preceding
claims 14-23, where the liquid that is being treated,
before it is treated accerding to the invention, is



24 directed trough a nmechanical particle extractor in order to renoyerid Joo7
particles and organisns |arger than light aperture in the electrode. 5 25,
Use of the anode and cat hode according to the preceding clains 14-24, where
the liquid that has been treated, after it is treated according to the
invention, is directed trough an hydrophobic adsorption filter or

hydr ophobi ¢ adsorption nedia in order to renove potential 1D excess organic
conmpounds. 26. Use of the anode and cat hode according to the preceding
clainms 14-25, where the liquid while treated is directed trough a flotation
device in order to renove 15 el ectro flédated organic nateri al

directed trough a mechanical particle extractor in order to
remove all particles and organisms larger than light
aperture in the electrode.

5 25. Use of the anode and cathods according to the
preceding claims 14-24, where the liquid that has been
treated, after it is treated according to the invention, is
directad trough an hydrophobic adsorption filter or
hydrophobic adsorption media in order to remove potential

10 excess organic compounds.

- 26. Use of the anode and cathode according tuw the
preceding claims 14-25, where the liguid while treated is
directed trough a flotation device in order to remove

15 electro floated organic material.



