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PCT/ FI 95/ 00602 Met hod for inhibition of growh of organi sns on
faces of WMRWIHMET i ons subnerged in a liquid 5 PCREFII5/90692t | Oon
concerns a nethod for inhibition of growth of organisns on faces of
yconstructions-subnerged in a liquid, in which nethod an electrically .

~conductive ' structure to be protected is connected as the cathode of
a source of direct current, or 10 an electrically non-conductive
structure to be protected is first coated with an ' electrically

conductive material and connected as the cathode of a source of direct

current, respeqifettod)for Mlibitioh of lgfovihosieorgaismeefe | s used that has been
i sol ated from the structure to be protected or that is placed

separ at e from Sfaces oft canstruetions sibmerged in a liguikbde i s connected as ‘'t he anode
of the source of direct current. 15 The phenonmenon of fouling neans
covering of faces in contact with water with col oni es fornmed by
organi snms aglhering to said faces. Fouling is produced both by

m cro-organi sns and by plants and aninmals. Fouling usually starts with
adhering and spreadi ng of popul ations of bacteri a over faces that

are in contact The terla Peel St s fol.l owed
nuner ous differ V\@é@ ‘é‘?ﬂ?"msr?e‘?‘e%‘?ggﬁf E}Pé" growtho é'ﬁ%ﬂ"ﬂgs ﬂﬂ(ﬁ’%(s of
such as bar nacl @nstictiods! saBferged in a liquid)einf wuidhnﬁenbammeﬁmhny Rehfave
nost harnful to waterborne trarfic (the fuel consunption may

i ncrease by up staichwe gebe pratected tswonmm as the cpthade of a senrpe pbdirect urrent, or

aters of B0 i cRERRAIE, porkihchits eyt 8 BroRia, s, S g Bl

Eut r ophi cat i on @éctfibfly\eéRiuctive Afatetab and Ronftd! 4 ME dallRIBIfld SourkPoPdieddn

| ncr ease in the salt content have increased the disadvantages caused

by fouling, in quarent.cgspectivaly, and, as theanpde camanada ds/usedithat has heansiselnted frem
seawat er. the structure to be protected or that is placed separate from said structure, which

anode is connected as the anode of the source of direct current.
15
The phenomenon of fouling means covering of faces in contact with water with
colonies formed by organisms adhering to said faces. Fouling is produced both by
micro-organisms and by plants and animals. Fouling usually starts with adhering and
spreading of populations of bacteria over faces that are in contact with water. The
20  bacteria pioneers are followed by numerous different algae and other organisms with

genuine nuclei, such as barnacles and polyps.

The fouling phenomenon is perhaps most harmful to waterborne traffic (the fuel
consumptioﬁ may increase by up to 40 per cent), to industrial plants and power
25 - stations that use seawater, and to fish breeding plants.

‘In the waters of Finland, the fouling trouble was little in the past years.
Eutrophication of the water areas near the coasts of the Baltic Sea and an increase
in the salt content have increased the disadvantages caused by fouling, in particular

30 in the case of industrial plants that use seawater.
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The bi S{R8¥/1HM2DbI ens caused by fouling occur in areas |nl’ﬂﬁm sal t

content in seawater is higher than 5 per ml. In a warm area of
seawat er which contains salt, fouling is a serious problemfor all
structures present in the seawater and fgr all I ndustrial pl ants and
power stations that use seawater as well™as for fishing industry. For

le, th
ggﬁg&e %@ng%&t’?ﬁfb‘? o% t%sdsga(; g ﬁﬁrhe% adrlll:fggl ggmt%ho propéﬁ%grs and

ot her contr geawhter isclsigher than Shpes Ihtt.eln 8 avarincatea nf seawater which|containgesalt, 0

prevent drawbacks, of faquling at ent mai npé SO- ca | ed antlg{ugz%
paint is usef@l“lmgr Mtsﬁ'éo%t"f blegy| P'h@ pRugtures, SEawaler, 3 tOXI c

to the induRtrA B actf Peber Harldhs (i uSt Silade ﬁlﬁaéﬁ?ﬁﬁag aHsh as,

for exanple, coppe I n compoun tron to
agents, 5 he Foresaiapleqde mimérbas prmutatxamaheﬂﬁsla lives maihlyeonesgafood nShips cammt

or gan msm)redffclt Howeer anti - foul
re%ewle?i on leaye tlaeétoafggebe%r?m &emiﬁsl‘y@aﬁ@% %adlg‘a#’éc?‘mplc‘tﬁ%%ds

are ef; %bﬁ:&aﬁ.i@dga{rbattl ng the foul i ng organi snms on underwat er
structures ut ey are al so toxic for other groups of organisns,
such as fish and mamals. I\/breover TBT (tributyl tin) |s a poison

t hat |_at i t tent .
i el . c.an 1ARRRPR. 10 Ve R bR kS ol o0l R AL B i 0 galed sk oo o
extent. %@Sﬁ%t% lsEd. Of-‘rcﬁl?ﬁﬁ@'anﬁifoﬁ 'g& df;éiﬁﬁ' S1ieBbNsdveral FubaRES takicRbaReNt .

but if concentrations o ssol ved copper are present in water?
it may be dammﬁsmsadtmrmgeo the structuregjaneiseparated, such asfoeexample, copper wid h

t toth f de tqQq the P t - 118 72,
e P o o (eORRia i afiich (L the JoRic, ReEBts, fe Baeath Fady iioe DL thakes,,, |
or Fe rods. daé‘adhe of! th orpdriiéhs Aloke m@a@ H6Wever, fHe ffti-fouling aﬁxt%ﬁ()' ved

by neans of direct cCurrent, and the system of seawater p| pes or
equi val ent theatenewed,ton theeaverags, at intenvalscofotwer yeaess Organic tim compeundstarede.

For e | b ofeftiriens i compgiting the 13URE Srsitn of tndeSvadt HRenRes, SRy, s | on
EP-0, 145, 8%0 tbiaﬁ féf‘bthef groupsef &fgfaﬂﬁhls alchasﬁshaaaaﬁuﬁﬁﬂs bMor&es, TBT

sacrificial metal plates, nost comonly by nmeans of
(tributyl tin) is a poison that accumulates in organisms to a great extent.

Plants and animals can accumulate copper present in dissolved form to a certain
20  extent. Accumulation of copper in the food chain is not known at present, but if high
concentrations of dissolved copper are present in water, it may be dangerous to the

organisms in the water.

With respect to the prior art, reference is made to the Patent GB-2,118,972, in
25  which the anti-fouling effect described is based on sa_cﬁficial Cw/Al or Fe rods. In
this prior-art method, Cu/Al or Fe rods are dissolved by means of direct current,
and the system of seawater pipes or equivalent that conSt_imtes the structure operates
as the cathode. For example, the copper-aluminum hydroxide that is formed preventa
formatiotl of growth.
30 _ _
In the method described in the publication EP-0, 145,802, the anti-fouling effect is

produced by means of sacrificial metal plates, most commonly by means of Cu
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plates. | WORHB42t hod, the structures to be protected are EGAFIWORFR2L an

‘insul ating | ayer, onto which a netal plate of a certain size is
attached, the size depending on the I ength of ‘the ship. The
protection against corrosion of the structunpes is effected by

supplying a DC-voltage to the hull while graphite, cast iron,

pl ati num coat egirlateﬁ In fHid AIHOA, s@udgt?/eé\% B! gRoteOlR8 'atd €oated vﬁiﬂﬁaﬁﬁ&ﬁfaﬁngrg |

source of DC-voltage consists a potentiostat, which automatica

mai nt ai ns t he payemiontd whicht$metal plate of @ ceptajnesize is attachedytthe isizd depending on
pre-set protectjo tential. The copper hydroxide that,ils dissolved

Pt event s 1 or mtheetsh GF g, Hip- e SRR Fion, HRBInRE GRS QBot P sBSRiFPsy & ected
publication US QI%}lfiﬁé,a PAe5kdgeUosthe! KUIEWhile graphite, cﬁéteﬁéﬁ,gggggtﬁﬂ-cﬁated

source of current e enpl oyed, and a high capacitance is pro
bet ween a zHnc titasittim pr arkb/Algealloyoperates asThe anadec The sourcel of NC-voltagelconsistsp

oper at es s _the.negative termpal. of the capacitar e antj-fouling
oFfect s basedfppRauostL, whidh, ey Caizin BB Dot of e e 6 be
electric curre A ' iaP. The6p teRht is di

The anti-fouli %'og??eggi'ﬂéée %rﬁg?ﬂot?ﬁﬁ%dh%m%%@' Appl . plbzil“ﬁ ?g%%% tiﬁgt 1Béisls§81vgtri]

ul trasound. - . prevert$ formatioh of gnewthy oscil | ati ons of the sources of
ul trasound make the m cro-organ- _ Isnms to be separated fromthe face
of the structure. 20 In the publication EP-0, 468,739, a

di rect-curjgnt 1ReiROMeiddIgSEFbRE the) piblicdtioANUS-5,009, 757,55 E}faﬁi‘cuﬂioﬁﬂﬁexi Ti
given to the m crobes growng on the faces to be protected by means
of an el ectri c di¢attode pnd dusosicebed cusremt arepemplopeds| andtar high sapacitands is preduced,

t he strycture to. be protected is not nnected to the.source of
current, but t HENEPELS ik cobbte S fie.sehwaier 1L 2R R il 8¢ Bt gberaes
di spl aceabl e angd@eteodtive RIMAA o e APSAMIrE The anti-foGRhg) efféet is based on the
the publication EP-0, 369,557, a direct-current nethod is described, in
whi ch t he Helmholtz tdoublet layerpraducesk by dhé slectrint aurent btweendhel zinci caating
| ayer, on ose face, in.an 30 el ectrolysis of seawater, an anode

reaction forms MFJOEIFBYICT which kills nicrobes.

The anti-fouling effect described in the Pat. Appl. FI-915300 is based on ultrasound.
The low-frequency oscillations of the sources of ultrasound make the micro-organ-
isms to be separated from the face of the structure.
20
In the publication EP-0,468, 739, a direct-current method is described, in which an
electric shock is given to the microbes growing on the faces to be protected by
means of an electric field produced between separate electrodes. In this method, the
structure to be protected is not connected to the source of current, but the electric
25  current is passed through a separate displaceable anode to a separate displaceable
cathode.

In the publication EP-0,369,557, a direct-current method is describéd,. in which the
structure to be protected is coated with a conductive layer, on whose face, in an
30 electrolysis of seawater, an anode reaction forms hypochlorite which kills microbes.
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the puPlQWAS#Bn WO 87/ 03261, a nethod based on the use OWM| ng
described. In this nethod, the organisns are destroyed by

curren

nmeans of an electric shock
alternating current. The eff-ect can be ipnptensified
copper,

curren

t is

al
t, i

m cr obes.
anti - f oul i ngesprbed. slnallue method, thesarganismsarpeddstroyéteby meansooframdlectrio shockut es

ol at vel y PRGHCS BB of e i Gl aemmtive éﬁ%@gfm”af#“ Gl

pr oduced by means of the field of

um num and by el ectrol yzi ng seawat er by neans of direct

1ot GlbGRRREWO087/bIRIC B GhOF bERA o1l ubcof AiciRilin . %fenf(: Vhen

lor-art methods 1nvolve a nu er

by dissolving
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di | ut Echbt
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t he

5

nairfent, mwhicheodrectionthe ahloahé @as thaofs formed &illssmicroticss. The

prior-art electrical nethods also involve a nunber of significant

dr awbacks.

separate el ec

In cases i n which the object to be protected is subjected
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20

cases in which the object to be protected is subjected to an external electric field
(direct or alternating current), separate electrodes that supply current are needed.
Also, in these prior-art methods, a comtrol system that optimizes the current is
missing. An excessively high current density produces the risk of hydrogen
brittleness in electrically conductive structures. Oxidation, i.e. wear, of a paint that

~ operates as an anode is'a clear drawback.

25

30

In a method that makes use of the Helmholtz double layer, precipitation of calcium
and magnesiim on the face and, consequently, formation of a face favourable for
growth, is the most important drawback.

The object of the present invention is to provide an improvement over the prior-art
methods and to avoid the numerous drawbacks present in the prior-art methods. It
is a more specific object of the invention to provide a method that is suitable for
prevention of growth' of organisms on the faces of electrically conductive structures

and so also of electrically non-conductive structures submerged in a liquid.

il

odrﬁhhﬂéaeeﬂ&rtﬂ efeeischftlagorang@r ous drawbacks present i the
?11 Is a nore specific object of the invention to
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The obj ectWQ8€1M25t he i nvention are achi eved by nmeans of a PEWFISO0602i ch is
char ac- terized in that a control signal is given to the source of
‘direct current froma control - unit, V\/nich control signal changes the
‘current density and/or the voltage supplied:b t he source of di rect
current, whereby the pH of the liquid on thg face of the struc- ture

on the. o o HEEEHEEL b P fiferh pRONREKA b herp Bt TR Sl %?n?'%ﬂfces

to the changi ngerized in thm&bﬂttdb 8ignal is given to theséuice oRdirery cifrefcieorhdiduitrol
with the present invention, it has been realized to 10 change t he

current densi t yunifa ddHCIEeontral signal changes the gumentidensity ‘Hﬁl/@lh'ée WQE%E“OWPP’A%" by
t t t
o e V! e bl S et LRl Bieeb e bADITHE R0 BROAN S oPhR"

changi ng cofdi ttufete beyproweted varies wnhaﬁcmfmt;umcy that tlwmmml o:fganismsgm&hen ‘
the cell wall. In the nethod of the present ention, so cal |l ed
pH- punpi ng by faeeioh fhe HETUCEITR JRebe Paelertstl qanadte ﬁ@@ta@alaﬁaves 10; the changiag
the bacteria t%ohﬁﬁl Bpangl ng conditions. Arapid increase in pHkills
bacteri a, Variations in pH also contribute to prevention of the
formati on of a cat hod| C precipitate. As a consequence of the cathode

reaction, the concentratlon of E%droxi,de i.ons on the face of _the
coat ed struct udB thsdneged din; accerdance, with, thepresent inyention; dt Baeheen realizedjite

As a resul {qo0f r h
living 20 iO E‘Q#?eer en ox?}gen! o'%éﬂé%t%% bﬁﬁs W\Aﬁgﬁﬂ% ﬁgl éﬁl%ﬂcge& the
concentrati on cshaames varies with such i fréxmeney ol tief nﬁch'ebtahmtgihisﬁrs prbi‘ent oacthe of

an electrically conductive structure subnerged in water | s coated
with a paint tifagesiof the suctuses canno adant themselyes to fhie q:l@ngmg °°ndlt‘|9§5 By means y
I's such that t t 25
t hrough t he patbﬁtﬁ?%agﬁ%ﬁ?ﬁi?%%{geﬁf t éﬁgg{ae{% ug\g&; 2@0 gféﬁ%l é}g?ﬁt

The structure inventioni a sbeajledpHefumping by varying de aﬂlcﬂbeeamt)hqndelenfs ddapta-
source of direct. current, and as the, ano odes are t hat
have been 130l 0P fmsmtﬁ%agqa’&@@%%wmaqma%@ Fpage In p iﬁ?sf‘?”&??ﬂ"lahe
structure, and o t

uct u anfSvatid hs}’nPPat o r??ﬁtrﬁﬁté Eﬁﬁgﬁm&?ﬂ{e g{n?to?%

control |l ed by neans o sepa erence e S |so ate rom -t
structure, by piécipitateaAs acbnsehjuerice mﬁﬂmranttmﬂeeéaeutmnﬂiesomnmmd hyedrexige| v

OO L0 e 5 b St the comtedshmErt sk sudh B 50! 65t B microbes
die. As a result of this, strains of organisms that have adapted themselves to living
20 in different oxygen concentrations die when the oxygen concentration changes.

In the method of the invention, the face of an electrically conductive structure
submerged in water is coated with a paint that is porous in a controlled way, while -
the porosity is such that the ions necessary for closing the current circuit can pass
25  through the paint to such an extent that a cathode reaction takes place. The structure
to be protected is connected as the cathode of the source of direct current, and as the
anode, anodes are used that have been isolated from the structure or that are separate
from the structure, and the supply of current to the structure to be protected is
controlled by means of separate reference electrodes isolated from the structure, by
30  means of which reference electrodes an excessive supply of current to the structure
to be protected is prevented by monitoring its electrochemical potential. The
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el ect r 3¢M8613828 properties of such a paint face that is psm'wonwza

controlled way are such that precipitation of anions on the face is
| mpossi bl e. The nethod in accordance with the invention can be
applied to electrically conduc- 5 tiyge structures subnerged in a

i quid, such as, for exanple, steel and al um num shi ps and boats,

of f-shore capy grbgfr?%hﬁﬂspro %995# Such3Shifate e /fp &%Eiha SntYofifd ¥3Y are

gat e equi prent struc ures vari ous water ucts vari ous process
actuators suchthappmcqﬂtamna)f\mi-s oni the didcetis impossibis as, for exanple, heat
exchangers and tanks. The invention is also suitable for use in

el ectrically non-conductive structures subnmerged . 10 in a liquid, such

as, for examieGneiBQ ¢ dediidinice ‘gu?ﬁ}eamd?ﬁim&%tbe fikd w&keaﬁagis conduc-

wood or concrete, structures na yner conp |tes, suc
exanpl e,5  tive sthotires submenged nmchquldt csucm/as,eforchmnmlmmw:l cindcaluminine .

Th t 1. be d bed det ai | th d
enﬁoh.”ve”_"’ i 5o RESHoR EomFFotey SRR A FOIHES o GHRDPRe BPE
acconpanyi n f 2‘24@93%}52 8 structures £6rVedtious whtet Hﬂcts hesoR p roBé&EC:%Hﬁwed to

be confi ned ment s al one. urells a schematic
i | lustrati omplaceddm aemtépumulation, sucheas, for weamlﬂe,hhuat exchangers and ¢anksd&he e

th the inyentioon.for inhibition of growh of or ni.snms_on faces of
of et i cal | JmvRgHiAnds flse SR Farcibe 5 iKY BomrChHRRAYE Hpfiures Sibinctized
Figure ?OIslaaSﬁéiﬁaaadcﬁ ds!, 'fbﬁia?ﬁﬂl@“w@&dmtseﬁﬁéﬂﬁﬂu paﬁ%ﬁ%mdﬁhm (
structure which has been made el ectrically conduct I ve. Fi gur

3 is a graplwaod ot nenarae; strucsires madef 6polymier aompasxgaa such ass fou cxanple,
density on the t he equi pnent in

accor dance °ft: £ V&anp?régﬁgtweg&n‘gng t%/ W th t he

reference nuneral 10 The equi pnent 10 includes a cathode 11, which i's an

30 electrically conductive structure, an anode 12, a reference el ectrode
13 i sol at ed Thednvention will be: described im detm_! with refenence tvsame preferced embodint

a0 ie B8 ke B e oS 58 B ey i S BGpARY BrbagB

invention being, however, not supposed to be conﬁne_d to said embodiments alone.

Figure 1 is a schematic illustration of an equipment for use in the method in
accordance with the invention for inhibition of growth of organisms on faces of
20 electrically conductive constructions submerged in a liquid.

Figure 2 is a schematic illustration of an electrically non-conductive structure which
has been made electrically conductive.

25  Figure 3 is a graphic illustration of the effect of a.change in the current density on
the pH-value.

In Fig. 1, the equipment in accordance with the invention is denoted generally with
the reference numeral 10. The equipment 10 includes a cathode 11, which is an
30 electrically conductive structure, an anode 12, a reference electrode 13 isolated from
the structure 11, a source 14 of direct current, and a control logic, i.e. a control unit
15. The anode 12 may be an anode isolated from the structure 11 to be protected, or

R
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‘an anode ¥PA26/A3425from said structure, as is indicated by tRCHKI?NWE0Z | ne.
‘Further, the - equi pnent 10 may be provided with a bio-organi sm
‘detector 16, which informs on any bio-organisns that nmay be pl.aced
on the face of the structure to be protecte% 5 In Fig. 2, an

el ectrically non-conductive structure is derdoted with the ref erence

ren T S il Sk T g Ao, 365 el R 6 e, it AT

a change in thequﬁmantlookﬂaya bk provided wath 4 Bwagsﬁsmmet&mﬂm whibh iffofms on
density has a raising effect on the pHval ue he control unit 15 gives the

source 14 of dianychiowsganisms that ey rbst placegren thetface ehthegtrictune ta: be pratected.
density, whereby the current density may change regularly or _
randomy. The tinme interval of the change in current density depends

on the strusturia Fip, 12,1an @lde@ridallot miicshducivt structhire is denotedbwltﬂfmerte&tdﬁé
of , for exanple, one second to 24 hours or several days. From Fi

it is seen cl ediumerahkll. Theostructuredld terhe mme@ysse@smmqwmqlimewmch

cat hode ﬁm nore intensive, as a result of which the pH
becones hi gher @%@%A Qymlgeﬁ% gxygen content becones | ower. These changes
prevent growth of organi sns on the faces of the structure 11,111 to
be protected highly eff|C| ently When the net hod of the present

i nvention i s ud&ent Eis. Mtssengmsla@ans@nsthqmrent densityyds€i 8 ingrgaseeingthe

current depgity

t he maxi na?avalc'fgse& a??ﬁtyv%#st% aﬁag;mggff an or o%ﬁ VEPAIH@E C%%%B&@qé\é{%?setgg
in -- indusoatcel Modsttdifm edrreritacconftbbsighdl thatelaripes thedurfong , Whe@by
order of 10 A per m and/or the nmaxi mal val ue of the vo tage S

of an order of @QWCHQQCHSW may ghavge regwlarly pe rardomly o Thef tie jinteryal of gthe

tSEIG| : g\éer]f’ll ?Re%&eﬁ‘n‘f‘ﬂ%&mr OEtg %%sl ca onscnéraenl Pi/ll ﬁ#ﬁt&t&em&)ﬂ&ﬁ

sol ution wi t hi roel dfcars ories off for kxamples ohe ‘sa:dndftd mamrs beskveral idags. From Fig.

acconpanyi ng . . patent clajns. 30 . .
1 3 it is seen clearly that, when the current density becomes higher, the cathode

reaction becomes more intensive, as a result of which the pH becomes higher and
the oxygen content becomes lower. These changes prevent growth of organisms on
the faces of the structure 11,111 to be protected highly efficiently.

20  When the method of the presént invention is used for seawater applications, the
maximal value of current density is, as a rule, of an order of 2.5 A per sq.m, and/or
the maximal value of the voltage is of an order of 1 V ... 100 V, whereas, in
industrial processes, the intensity may be, for example, of an order of 10 A per
sq.m, and/or the maximal value of the 'voltage is of an order of 100 V.

Aboﬁe, just the solution of principle of the invention has been described, and it is
obvious to a person skilled in the art that numerous modifications can be made to
said solution within the scope of the inventive idea described in the accompanying
patent claims.

30
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C ai nrsW096/13425 1. A nethod for inhibition of growth of BEWEISMM@20n faces
of constructions (11, 111) submerged in a liquid, in which nethod an

el ectrically conductive structure (11) 5 to be protected is connected
as the cathode of a source (14) of direcf current, or an
el ectrically non-conductive structure (111) to be protected is first coated

with an fai l ectrically conductive material (l1la) and connected as the
cat hode of g%ﬁrce of direct current (14), respectively, and,. as
the anode (12), an anode is used that has been isolated fromthe

structure (11,111) to be protected or that is, placed separate 10 from
sai d struct dr eA mpthed fon drhibitien of gravtheef axgapisms gnotaceo el construgtions<(1d44) of
direct curr r I r ' i SegiQl :

source (14) ‘igi) su%g?e?gé&dlﬁ rdelc c’ul?r‘%lﬁ?; @g@qﬁ;&hg %Hﬁ%x?d oa? 93%{1?1&{1%35%\/%{'%({%@?
control 5i gisibe protegted i bonnected @stthe cathode afensourge @14)/of ditebiecurcért agean

supplied by the source (14) of direct current, wherehy the . JpH of the
liquid on t Blectricaly Aon-¢andYete: sHcRIE 1@31)119 %e&re@ctﬁadﬁ é%ﬁ‘ea"%?%dr Q98 ¢ h

15 such af%ﬁ:ﬁ-%%w %nflm{vg:g eH:llC(gf[f gél)fiéngo&ﬂﬁg&édrﬁs e EdthodedSiCa Sdurkd Bf
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2. A method as claimed in claim 1, characterized in that the current density and/or
the voltage is/are changed regularly at certain time intervals.

20 _ . _
3. A method as claimed in claim 2, characterized in that the time interval of the
change in current density and/or voltage is in the range of 1 second to 24 hours or
to several days. | -

25 4. A method as claimed in claim 1, characterized in that the current density and/or
the voltage is/are changed randomly.

5. A method as claimed in any of the claims 1 to 4, characterized in that, when the
current density and/or the voltage is/are increased, thé cathode reaction becomes
30 more intensive, as a result of which the pH of the liquid becomes higher and the

oxygen content becomes lower.

* € L M 5§ *



WD 96/ 13425

_PCT/ FI 95/ 00602 9

- 6.. A net hd¥026/13428i ned in any of the clains 1 to 5, charact ®COTAIMA0602 hat
‘the - el ectrically conductive structure (11) is coated with a porous
paint while the porosity ~ is such that the ions necessary for closing
the current circuit can pass through the porous palnt to such an
extent that a cathode reaction takes pl ace. . A nmethod as

laimed in - f the_clai tq 5, ch
ol actricall y mor. rileded A gimed, ;4 ﬁftﬁéﬁ%sii’apzﬁ &agacﬁegzs«aé»e et b 1
a pai nt élecktiaally eriduOPRy sthefuré 81 DS coadd Wik a poroxik(bam:&vmﬁ thepbrAitps

claimed in any of the clainms 1 to 7, characterized in that

suppl y of curr edtsueh thatéhgtwmqqessal(ylfprmqsyng theb@rmnmcu@méean 9aasothrough| thel
by neans of ct | ated fromthe
s%/r ucture (11, 1RoF ?u‘cl Bgﬁg% &cﬁ eﬁ&d’?%é’a‘mﬁwﬂ% aﬁ"&.’f’i‘%‘% cgr ectrode

prevents ansexcessive current supply to the structure (11, 111) to be-

protected by nonitoring its el ectrochemcal potential. 15
met hod as cl'ai ndd iA metjoches claimed i aay of ithe glaimh drtacd.ceharacterized hmﬂlain‘-ile

o otocted - SEeiyn BEEevi SneEs (B o B B fopbed i it

whi ch gives a s{1398) thaopeiftes as the caftfidel 0l unit (15) 20 10. A
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structure (11,111) to be protected by monitoring its electrochemical potential.

15
9. A method as claimed in any of the claims 1 to 8, characterized in that any
organisms that may be present on the face of the structure (11,111) to be protected
is monitored by means of a bio-organism detector (16), which gives a signal to the
control unit (15).

20
10. A method as claimed in any of the claims 1 to 9, characterized in that, as the
maximal value of current density, in a seawater application, a current density of an
order of 2.5 A per sq.m is used, and/or a voltage of an order of 1 V ... 100 V is
used as the maximal value of the voltage.

25
11. A method as claimed .in any of the claims 1 to 9, characterized in that, in
industrial processes, as the maximal value of current density, a current density of an
order of 10 A per sq.m is used, and/or a voltage of an order of 100 V is used as the
maximal value of the voltage.
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