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(57) Abstract: Ina method for electrochemical disinfection of water, especially potable water, with no addition of disinfecting chemicals
to the water, an electropolished stainless steel plate-shaped cathode (mirror-like surface finish) sandwiched between two anodes on
cach side of the cathode plate 1s used. A low current density 1s applied to electrodes during normal disinfection and a higher current
density 1s used during de-scaling of the cathode.
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A CATHODE FOR WATER DISINFECTION APPLICATIONS

The present 1nvention relates to a novel cathode for water

disinfection applications. More specilfically, the i1nvention

relates to a combilination between an optimlized cathode sur-

face structure and a cyclic current operatlion that prevents

—

deposition of calcareous deposits.

pr—

Flectrochemical disinfection of potable water has the ad-

vantage that the disinfecting chemical species 1s produced

directly 1n the electrolysis process, elther from the water

or from substances dissolved 1n the water. In the electrol-

VS1ls process, both oxidizing and disinfecting substances

are possible to be formed. 0Oxi1dizing substances are e.d.

oxXxygen, ozone, hydrogen peroxide and hydroxyl radicals pro-

duced from the water, and dilisinfecting substances are e.dg.

hypochlorite/hypochlorous acid from dissolved chloride and

peroxodisulfate from dissolved sulfate. The most 1mportant

—

chemical species for disinfection of potable water are 1n

most cases hypochlorous acid and hypochlorite, which are

both formed from chlorine Cl,(g) when 1t dissolves 1n wa-
ter. The basilic reaction equations are listed and shortly

explained below:

pr—

Oxidation of chloride to chlorine gas (anode):

2C1- - Clo(g) + 2e-

pr—

Dissolution of chlorine gas 1n water:

Clz(g) + H-O — HOC1l + HCI
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—

Dissociation of hypochlorous acid 1nto hypochlorite:

HOClL - C1lO™ + HT

Disinfection effect by releasling atomlc oxygen from hypo-

chlorous acid and hypochlorite:
HOClL — O + Cl1l- + HTY
ClO- - O + C1-

Thus, during the actual disinfectilion, chloride 1ons con-
sumed by the electrolysils process are released back again,

leaving the water without changes to 1ts original chemical

composilition.

Another advantage of this method 1s that, 1n most cases,

pr—

addition of disinfecting chemicals 1s not requlred and,

pr—

therefore, handling of toxic substances, such as chlorine

gas, 1s becoming redundant. It also enables a cheap and al-

—

ternative method for decentralized production of disin-

fected potable water, both 1n the existing grid but also 1n

—

areas where 1t 1s difficult or 1napproprlate to transport

pr—

hazardous chemicals (since only electricility 1s requlred for

the electrolysls process).

—
-

Flectrochemical production of free chlorine from the natu-

ral occurring chloride content 1n potable water are there-

—

fore known to be an effective disinfecting method, as both

hypochlorite and hypochlorous acid, as mentioned, are pro-

duced. The electrolysls process often uses electrodes wilith

—

mixed oxides of ruthenium and iridium (RuQO,/Ir0,). It is

—

especlally the high electrocatalytic activity of ruthenilium

ox1de (RuO,) that provides the electrodes with a low over-

potentlal to form free chlorine Cl,(g) from chloride, that
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—

has made this type of coating relevant for the application.

The electrodes are commonly known as mixed metal oxide

(MMO) electrodes, and 1t 1s especially the mixed Ru0,/Ir0,

—
-

type of coatings that has shown superior performance com-

—

5 pared to other types of electrode coatings, such as e.dg.

platinum for water disinfection.

Henri Bernard Beer developed and patented the first suc-

cessful MMO anodes for the chlor-alkall electrolysis 1ndus-

10 try back 1in the 1960s, but since then they have found use

1n many other applications as well. Examples of other ap-

pllicatlons are e.g. COorroslion protection 1n seawater (ca-

thodic protection), electro-plating, electro-wlinning and

—

anodizing of aluminium, to mention a few. Because of the

15 proven long-term performance of Ru0,/Ir0, coatings with low

overpotential for chlorine, 1t has also been 1ntensively

investigated for water treatment applicatlions such as dis-

infection.

—

20 An MMO anode consists of a corrosion resistant base mate-

rial, typically made from titanium (Ti1) or niobium (Nb),

that 1s subsequently coated with mixtures of metal oxides

from the platinum group and metal oxides from group IVB and

VB, e.g. Ti, Nb, V, Hf, Ta and Zr, also known as the wvalve

25 metals. Most often, these coatings are obtalned using the

thermal decomposition method. The method can be explained

pr—

as follows: Salts of the respective metals are dissolved

and mixed 1nto a liguid and then - by spraving or by other

means — applied to the surface of the base materilial. Then

30 the mixture 1s thermally decomposed onto the base material

B

by heating 1n alr at temperatures typilically 1n the range o:

—

400 — 550 °C. As a consequence of the method, the procedure
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has to be repeated several times before a laver with appro-

priate thickness and electro-catalytic performance 1s ob-

talned.

—

In electrolysis of potable water, both anodic and cathodic

reactions are taking place at the electrodes. At the anode,
water oxidilizes 1nto oxvyvgen das and dissolved chlorides ox1l-
dize 1nto chlorine gas. At the cathode, water 1s reduced
into hydrogen gas and hydroxyl 1ons. The basilc reaction

equations are explalned below:

AT the anode:
2H,O - O,(g) + 4HY + 4de-
2Cl™ - Cl,y(g) + Ze-

AT the cathode:
2H,O + Z2e” — Hz(g) + 20H"

—
-

As a conseqguence of the electrolysils process, the pH of the

pr—

"ected. This means that 1in

walter near the electrodes 1s a

the viclnity of the anode, the water becomes acidilic, and 1n

the vicinity of the cathode, the water becomes alkaline.

pr—

However, potable water also contains dissolved 1ons of mag-

nesium (Mg4t), calcium (Ca?') and hvydrogen carbonate (HCO3),
and the alkalinity near the cathode causes both magnesium

hydroxide (Mg (OH),) and calcium carbonate (CaCOsz) To pre-

clpltate and deposit at the surface. This, are explalned

thermodynamically with Pourbailx dlagrams whilich are seen 1n

figure 1-3. These “calcareous deposits” will eventually

—

create problems due to coverage of the cathode surface,

whlich reduces the active surface area for the reactions to

take place. Since the water 1s continuously flowing i1n the

electrolysls process, the calcareous deposit willl continue
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B

to grow and eventually cause blockage, low production of

disinfectling substances or other failures that make the

process 1nfeasible or unattractive at system levels. This

—

means that the hardness of the water to be Treated has a

5 great 1mpact on how fast the calcareous deposits will grow

on the cathode and should, therefore, always be considered.

However, the problem with calcareous deposits can partly be

— —

avolded 1f the polarity of each electrode 1s reversed. This

technique, which 1s often referred to as “polarlty rever-

10 sal”, means that the former cathode becomes anode and the

former anode becomes cathode. The techniligque advantageously

explolts that the water near the anode surface 1s acidic,

pr—

and therefore can assist dissolution of the calcareous de-

posits adhering on the former cathode. By this method, the

15 coverage of calcareous deposlits can be minimized, but not

totally avoided. Since the calcareous deposlt grows rapidly

—

(depending on the water hardness), there 1s a need for a

—

frequent constant change of polarity (typically every 5-30

minutes) 1n order to dissolve the calcareous deposit lavyer

20 before 1t starts growling 1n thickness.

Since calcareous deposilits, 1n most cases, cannot be fully

avolded, there will be a need to descale the electrodes

wlith regular intervals. This descalling 1s normally carried

25 out by an acid wash that dissolves the calcareous deposits

from the electrodes. Acid wash or descaling 1s an unwanted

process that causes system downtime, and therefore the need

for 1t should be kept as low as possible.

30 Today, the polarity reversal technigque, as described above,

—

"ective methods for

— —

1s known as being one of the most e
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avoldling calcareous deposlits on the cathode during electro-

chemical water disinfection. This method, however, has one

major downsilde, which 1s that the electrodes need to be
1dentical. Thilis means, 1n turn, that each electrode needs -

as described - to act as both anode and cathode, which 1s

problematic from a material sclence point of view. The MMO

electrodes are designed to act as anodes, not as cathodes,

—

but thevy can 1n principle be used as both. If, however, the

polarity 1s not reversed reqgularly, calcareous deposilits

will build up on the cathode, but at the same time polarity

—

reversal causes loss of the active MMO coatling on the elec-

crodes. Often, this phenomenon 1s described as wear of the

pr—

coatlng. As a consequence of thils wear, the electrodes are

—

becomling electrochemically 1nactive, due to loss of the

coating, thus leaving the base material (Ti, Nb) unpro-

pr—

tected from oxidation, which causes passilivation of the

metal. As a result, this will create a very high voltage

between the electrodes, since the current cannot pass the

pr—

non—-conductive oxides of the base material. Therefore, 1t

—

1s known that electrochemical disinfection of potable water

pr—

- due to the hardness of the water - only has a very lim-

1ted lifetime, which makes the techniqgue 1nfeasible from an

—

economlc perspective (cost of electrodes).

The 1nventlon concerns a novel cathode that prevents any

—

deposition of calcareous deposits, so that polarity rever-

pr—

sal of the electrodes no longer 1s needed for electrochemi-

cal water treatment.

The 1nvention addresses the need for a long—-term stable

cathode that prevents calcareous deposits from adhering to
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the electrochemically active surface. Having a cathode sur-

face that does not allow deposits to build up solves the

maln problem with the electrode configuration, which 1s the

need for identical electrodes, and allows the Ru0,/Ir0,

5 based MMO electrode to function as anode only. As men-

tloned, the polarity reversal 1s the maln degradatlon mech-

anlism and has to be avoided before the lifetime perspective

can be I1mproved to an extent where the technology 1s feasi-

ble on the market. This problem 1s solved wilth the novel

pr—

10 cathode of the 1nvention which does not degrade due to cov-

erage wilith calcareous deposilits. Another problem addressed

by the 1nvention 1s that the cathode can be made from very

cheap materials compared to a standard MMO electrode that -

besides titanium or niobium as core metal - contains mix-
15 tures of expensive platinum group metals such as Ru and Ir.
Therefore, these MMO electrodes are costly to i1nstall 1n

large scale water treatment plants, and that 1s why the

—

lifetime and reduction 1n number of electrodes 1s wvaluable.

By using the newly developed cathode of the i1nvention, the

20 use of precious metals can be lowered by 50 % and also

B

spare the costly processing route (thermal decomposition of
several palnted layers) and titanlum or niobilum metal as
coatlng substrate.

pr—

25 A number of prilior art documents deal wilith electrolytic or

—

electrochemical purilification and disinfection of water.

pr—

Thus, US 10.301.728 describes an electrolysilis mechanilism for

deployment 1n a tank containing water, sald mechanism hav-

1ng at least one rotating cathode confiligured to rotate dur-
30 1ng an electrolysis process, at least one stationary cath-
ode cleaning element and at least one statilonary anode de-

ployed adjacent to the rotating cathode.
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US 2011/0198300 deals with electrochemical elimination or

pr—

reduction of microblal i1mpuritles O:

pr—
—

liguids. The treated

liquids may 1.a. 1nclude wastewater, 1ndustrial process wa-

ter and water 1ntended for human consumption. The device

—

comprises an electrode stack of two or more perforated

pr—

electrode plates made of a conductlive material.

In US 2005/0087484, an electrolytic system for treating raw

surface water sources and disinfecting them for Cryptospor-

—

1dium to produce water of a drinkable quality for humans 1s

described. The system can be stand-alone, or 1t can be a

pr—

sub-system of municipal water—-treatment plants serving up

to 10.000 people.

So far, the problem with calcareous deposits on the active

cathode has mostly been addressed using the polarity rever-
sal technique, since 1t 1s the easiest known way to avoid
the calcareous build-up on the cathode. Over time, many at-
tempts have been made to avoild this calcareous builld-up:

For example, US 4.048.030 describes an electrolytic cell

for water treatment comprising a closed contalner wilith a

lower 1nlet opening and an upper outlet opening for the wa-

—

ter, and a cathode and an anode. In the interior of the

electrolytic cell, particles are located whose density 1s

higher than that of water, and which are fluidized by the

pr—

water flowlng through the cell. The movement of the fluid-

l1zed bed of spherical particles leads to a mechanical

—

cleaning of the electrodes 1n the cell.

— —

The use of a cathode consisting of an elastically deforma-

ble, electrically conductive body has been proposed 1n US
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4.109.035 for use 1n a scaling-free electrode arrangement.

The cathode undergoes elastic oscillations, whereby the

pr—

formation of undeslred deposits 1s prevented. In a similar

approach, described 1n US 3.378.479, a spiliral or helical

metal cathode equipped wlith a heater 1s used. The alternate

—

expansion and contraction of the cathode, which 1s obtained

durlng alternate heating and cooling, 1s reported to shed

the scale. Other attempts to solve the problem are de-

pr—

scribed 1n section 9 of Electrochemical Water Disinfection

by Alexander Kraft et al., Recent Res. Devel. Electrochem.

o, 27/—-55 (2003).

pr—

The main feature of the present i1nvention 1s that 1t 1s 1n

fact possible to avoild using the polarity reversal tech-

nigque, because the cathode 1s designed to have a very low

pr— pr—
—

adherence of calcareous deposits. The function of the cath-

—

ode 1n the context of the i1nvention 1s to assist the anodic

—

reaction, 1.e. the oxidation of chloride 1ons to free chlo-

rine. At the cathode, hydrogen gas and hydroxyl 1ons are

produced as silde reactions from water splitting, and 1t 1s

pr—

— as mentioned - because of the local i1ncrease 1n pH near

the cathode surface that calcium carbonate (CaC0Osz) and mag-

nesium hydroxide (Mg (OH).) are favoured to nucleate and

grow on the active surface. Now 1t has, however, turned out

pr—

that the deposition of calcareous deposlits not only can be

—

lowered, but decidedly avoided, 1f the cathode 1s made from

electropolished stalnless steel and comblned with cyclic
high current intervals. Thus, during operation at higher

current densitles, an extra and more vigorous hydrogen

evolvement will take place at the cathode surface and cause

—

de—attachment of loosely adhering calcareous deposits. So,

pr— pr—

"ect of a smooth electropolilished stalnless

the combined e
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steel surface and a time period with extra hydrogen gas

evolvement can 1n fact prevent calcareous deposits to Jgrow

on the surface, and hereby the need for polarity reversa.

and 1dentical MMO electrodes 1s avolided. However, at the

anode, more free chlorine 1s produced when operating at

higher current densities, which should be taken into ac-

count when designing larger systems.

pr—

It should further be emphasized that high surface roughness

of an MMO electrode normally 1s consildered as a beneficial

pr— p—

obtalined

composed

effect, due to the 1ncreased surface area. Especially, the

—

mud—-cracked” surface structure of a thermally de-

A\

MMO coating 1n comblnation with a sandblasted ti-

tanium/niobium base material 1s known to improve both the

coatlng adheslion and the catalytic surface area, which are

1mportant parameters when the electrode 1s used as anode.

On the contrary, when the MMO electrode acts as a cathode,

the high

a major disadvantage for avoilidilng deposition and growth of

—

surface roughness of both coating and substrate 1is

pr—

—

calcareous deposits, especlally 1n the case of electrochem-

1cal water treatment. It 1s well documented 1n llterature

that sur:

"ace roughness 1s a critilcal parameter concerning

—

the growth rate of calcareous deposlits and that the problem

can be counteracted by creating more smooth surface struc-

tures, 1.e. surfaces wilth low roughness or R, value (see

e.g. “Biomimetic Approach to Anti-fouling Surfaces

44

by Wen

pr—

Choo Chiang, Doc. Phil. thesis, University of Leeds, and

example,

Declet et al., Rev.Adv.Mater.Sci.44 (201e), 87-107) . For

this effect 1s well known 1n the heat exchanger

1ndustry.
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Flectrochemical polishing or electropolishing can be ex-

plained as an electrolytic process that uses electric cur-

rent Lo remove material from a metallic surface 1mmersed 1n

an electrolyte. The metal object to be electropolished 1s

coupled as anode (+), and the cathodes (-) are primarily

—
-

used to assist the current distribution on Tthe surface of

the object. At the anode, metal dissolves preferentially at

—

the micro-peaks of the surface, resulting i1n a reduced sur-

pr—

face roughness. The polishing effect 1s controlled by an

anode—-fi1lm created by the electrolyte 1n the electrolysis

process, where surface-metal 1n areas wilith high current

densitilies 1s dissolved more rapidly than 1n areas with low

current densities. The electropolishing therefore results

1n metal surfaces with very low roughness caused by anodic

pr—

dissolution of the metal 1n the electrolytic process. Many

pr—

different metals, such as for example stainless steels,

carbon steels, alumilnum, copper, nickel, nickel alloys, ti-

tanium and zlrconium, can be electropolished, and the dif-

ference between the processes 1s malnly the electrolyte,

the temperature and the current densities used. Stainless

steels are very often electropolished with the main purpose

pr—

of obtaining smooth and burr-free surfaces with a low

—

roughness. These features are 1nteresting to obtain for

many reasons, such as (to mention a few):

pre——

- Improvement of corrosion propertilies

—

- Removal of burrs from edges (de-burring)

- Appearance for decorative purposes

- Lower friction

- Hvygilienilic surfaces

- Improving fatlgue properties (removal of scratches)
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pr—

So electropolilishing of stalnless steels 1s, 1n fact, a sur-

face Treatment process that has many advantages and, there-

fore, also 1s well established 1n the industry. As men-

tiloned, 1t 1s primarily the chemilical constituents 1n the

—

0 electrolyte of the electropolishing process that control

—

the anodilc dissolution of the metal. For stainless steels,

pr—

a large varlety of electrolytes has been developed to cover

pr—

the field of different serilies of alloys. For the 300 (aus-

pr—

tenitic) and 400 (ferritic) serles, an example of a stand-

10 ard electrolyte composilition 1s listed together with operat-

1ng parameters 1n the following table 1:

Table 1

pre——

Typical composition of an electropolishing electrolyte for

15 the 300 and 400 seriles of stainless steels
Chemical constituents: Standard composition 1n %:
Sulfuric acid H;SO, (conc.) 41%

Phosphoric acid Hs;POs (80%) 45%

Chromlic acid CrOs; 1%

Water HO 1%

Operatling parameters: Operating conditions:
Current density 30-60 A/dm?
Temperature 65 °C

SO, the present 1nvention relates to a novel cathode for

20 water disinfection applications, sald cathode being charac-

terized 1n that 1t 1s

- made from a stalnless steel substrate and subsequently

polished/electropolished to a mirror finish according to a
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1P/2P surface finish (according to EN 10088-2) with typical

Ra values below 0. lum,

- shaped as a massive plate 1n order to minimize any Jeo-
metrical areas where the calcareous deposits can adhere,

and

- asslsted by an MMO anode on each side to cover both sides

—

1ng hydrogen evolvement over the full surface area.

—

In an embodiment of the 1nvention the anodes on each side

—

pr—

the area of the cathode, to ensure that the cathode plate

1s fully covered with an electrical field. The anode area

may be 13 larger than the cathode area or even larger. The

< < <

anode area may Thus be 2%, 5 5 5 %, % Or 8% Or be-

tween 8% and 20% larger than the cathode area. It 1s to be
understood that when speaking of 1%, %, 5, 4%, %, %,

%, % or 20%, 1t 1s not exact numbers, but numbers with

of the cathode plate fully with an electrical field, ensur-

of the cathode plate, each has an area which 1s larger than

tolerances which are normally occurring 1n the manufacture,

such as +/- 0.5%.

—

—

the anodes corresponds to the plate—-shape of the cathodes

B

In a further embodliment of the 1nvention the plate-shape o:

1n order to fully cover the cathode plates wilith an electri-

cal field. Thus, 1f the cathode plate or plates are sguare,

also the anode plates are square. If the cathode plate(s)

are rectangular, circular etc., also the anode plates are

—

rectangular, cilrcular etc. corresponding the shape of the

cathode plate(s).
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—

In at further embodiment of the 1nventilion, the anode plates

are arranged with theilir centre located on the same centre

line as the cathode plate or plates, to ensure that the

cathode plate(s) are fully covered with an electrical field
when 1n operation. Thus, 1n the embodiment where the anode
plates have a larger area than the cathode plate(s), the
anode area “overlappiling” the cathode area has an equal with

—

along the edge of the cathode plate(s).

pr—

Tt 18, as mentioned, the combination of a smooth surface,

l.e. a surface with a very low surface roughness, and the

evolving hydrogen gas that prevents the calcareous deposit

to adhere to the cathode surface. This 1s also what has
been observed during the experimental work described later

1n the examples.

In the method, 1n which the new cathode 1s used, calcareous

deposlits might eventually create problems anvhow. These are

often caused by bulld-up on non-conductlve spacers between
the stacked electrodes, or other non-conducting material

such as chamber walls etc. For that reason, 1t may still be

necessary to de-scale the electrodes from time to time.

This, however, 1s equally necessary for the polarity rever-

sal technigque, and de-scallng with acid needs to be per-

formed on a more or less regular basls, depending on water

hardness, for the same reasons as mentioned above. In the

pr—

present case, where the cathode of the i1nvention 1s made of

B

electropolished stalnless steel, 1t 1s 1mportant to choose

the right de-scaling agent, which should preferably be di-

luted sulfamic acid (aminosulfonic acid, HiNSOsz) or another

acld, such as (but not restricted to) citric acid (CgHgO7)
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or acetic acid (C,H40,), that does not 1nitiate corrosion of

the electropolished stailnless steel surface.

— —

The maln advantage of the novel cathode of the i1invention 1s

that electrochemical water disinfection can be performed

wlith different electrodes, 1.e. with an MMO anode and a

cathode according to the 1nventlion where there will be no

—

need to perform polarity reversal to avoid growth of cal-

pr—
—

careous deposits. This will enhance the lifetime of the

electrodes significantly, simply because the MMO electrode

—

does not faill due to loss of the active coating (wear)

which produces the free chlorine, Cl,(g), 1n the electroly-

S1S process.

pr—

As another advantage of the i1nvention can be mentioned the

pr—

cost savings, since the use of expensilve platinum group

metals, 1.e. ruthenium and 1ridium, can be reduced by 50%

and replaced wilith electropolished stainless steel.

The cathode of the 1nventlon can also be obtained by other

means, such as bright nickel coatings made by electrodepo-

sition methods. These coatings are known to provide smooth

and mirror—-like surfaces by material deposition, preferen-

—

tlally 1n the micro-valleys of the surface, 1n contrast to

electropolilishing, as explalned, where surface roughness 1s

reduced by materilal dissolution. Bright nickel coatings can

therefore provide the same features as electropolishing

wlth a “reverse” process that reduces the surface roughness

of the material by levelling. Nickel metal, compared to

stalnless steels, 1s also more electrocatalytic, which

means that the overpotential to evolve hydrogen at the

cathode surface 1s reduced. It 1s also expected that the
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corrosion properties wilill be 1mproved by nickel coatilngs

pr—

due To the excellent resistance of the metals 1n alkaliline

pr—
—

solutions. However, these extra features of electrodepos-

1ted bright nickel coatings are challenged by the addi-

tional cost, compared to electropolilished stalnless steel,

thus consilidering 1ts 1mpact on performance 1n larger sys-—

tems.

FExperimental

In the following, reference 1s made to the figures 4-05.

pr—

Working of the i1nvention can be performed by designing a

cathode that 1s made from a stalnless steel substrate and

subsequently electropolished to a 1P/2P mirror-like surface

finish. It 1s i1mportant that the cathode 1s shaped as a

—

massive plate to minimize the presence of geometrical areas

to which the calcareous deposits can adhere. Further, 1t 1s

lmportant that the cathode (100) 1s assisted by an anode

—

(101) on each side to ensure that both sides of the plates

are fully covered wilith an electrical field as 1llustrated

1n Figure 4. This means that, when stacking the electrodes,

the first and last electrode 1n the stack should preferably

be an anode. Advantageously, the anodes are shaped at least

1% by area larger than the cathode 1n order to minlimize

—

calcareous bulld-up along the edges of the cathode. It 1s

pr—

equally 1mportant that the plate-shape of the anode and the

cathode are the same throughout the stack e.g. sguare, rec-

—

tangular, circular etc. The surface of the cathode could

benefilicially be 1mproved further by bright nickel coatings

to create a more electrocatalytic and corrosion resilstant

surface.
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pr—

In order to i1nhibilt the growth of calcareous deposits on

the active cathode surface, high current intervals creating

extra and more vigorous hydrogen gas evolvement are neces-

5 sary to perform during the electrolysis process, as already

mentioned. Such high current i1ntervals can, as an example,

be performed by raising the current from the normal set

— —

polnt by a factor of 5 over a time period of 5 minutes. An

pr—

example of such current operation 1s seen 1n figure 5. How-

10 ever, 1Tt 1s always 1mportant that the anode current densi-

tles are kept 1n an optimal range, 1.e. that the targeted

—

level of chlorine produced 1s adjusted accordingly to the

p— pr——

anode area. If the current densities used 1n the electroly-

S1S process are too high, the MMO anodes can be damaged,

pr—

15 causing shortening of the lifetime. This applies both dur-

1ng normal and especially during high current operation.

— —

20 An example of optimal ranges of current density and time

for electrochemical water disinfection during cyclic cur-

rent operation 1s glven 1n table 2 below.

Table 2
25
Operatlon mode Anode current | Cathode cur- Time
density rent (minutes)
(mA/ cm?) density
(mA/cm?)
Normal (disinfec- 5-30 5-30 30-120

tion)

High (de-scaling) | 30-150 30-150 5-15
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It should, however, be highlighted that there are many com-

binatlons, 1n which 1t 1s optimal to perform the normal and

high current cvycles. Especially the chloride content and

—

hardness of the water to be treated, respectively, have a

major 1mpact on the settings for current used for disinfec-

pr—

tion 1.e. production of chlorine and the high current used

for hydrogen evolvement 1.e. de-scalling. However, the most

important feature 1s that the MMO electrodes are consist-

ently operating as anodes and not as cathodes 1n the elec-

trolyvsls process, hereby elimlnating the need for polarity

reversal.
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Claims:

—

1. A method for electrochemical disinfection of water,

—

especlally potable water, wlth no addition of disinfecting

chemicals to the water, wherein

- a plate-shaped cathode 1s used, which 1s assisted by an

pr—

anode on each side to fully cover both sides of the plate

wlith an electrical field,

- the need for polarity reversal of the electrodes durilng

use 1s elilminated, and

pr—

- a low current density of the electrodes 1s used durilng

normal disinfection operation, while a higher current den-

—

s1ty of the electrodes 1s used during de-scaling of the

cathode,

sald cathode being characterized 1n that 1t 1s

- made from a stalnless steel substrate and subsequently

electropolished to a 1P/2P mirror-like surface finish,

- shaped as a massive plate 1n order to minimize any geo-
metrical areas where the calcareous deposits can adhere,

and

B

- assilsted by an anode on each side to cover both sides of

the plate fully with an electrical field.
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2 . Method according to claim 1, whereiln the current den-
sity of the electrodes is 5-30 mA/cm? during 30-120 minutes
5 of disinfection operation and 30-150 mA/cm? during 5-15

minutes of de-scallng operation.

3. Cathode according to claim 1, whereln the surface 1s

10 further protected with bright nickel deposits to provide

additional smoothness and corrosion protection.

4, Cathode according to clailm 1, wherein the anodes on

- the plate—-shaped cathode each has an area

cach side of
15 which 1s larger than the area of the cathode, to fully

- the plate-shaped cathode with an elec-

cover both sides o:

trical field.

o. Cathode according to clailm 4, wherein the anodes on

20 cach side of the plate—-shaped cathode each has an area

which 1s 1% larger than the area of the cathode.

o . Cathode according to claim 4, wherein the anodes on

cach si1de of the plate—-shaped cathode each has an area

25 which 1s 2%, 3%, 4%, 5%, 0%, 7% or 8% larger than the area

of the cathode.

7. Cathode according to claim 4, wherein the anodes on

cach si1de of the plate—-shaped cathode each has an area
- the

30 which 1s between 8% and 203 larger than the area o:

cathode.
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—

3 . Cathode according to any of the preceding claims,

pr—

PCT/EP2020/079762

whereln shape of the anodes corresponds to the plate-shape

pr— pr—

of the cathode to fully cover both sides of the plate-

shaped cathode with an electrical field.

—

9. Cathode according to any of the preceding clalms,

whereiln the shape of the cathode 1s sguare,

—

of the anodes are square.

pr—

10. Cathode according to any of the preceding clalms,

and the

—

wherein the shape of the cathode 1s rectangular,

—

shape of the anodes are rectangular.

—

11. Cathode according to any of the preceding claims,

pr—

whereiln the shape of the cathode 1s circular,

pr—

of the anodes are circular.

—

12. Cathode according to any of the preceding clailms,

and the shape

and the shape

whereln the anodes plates are arranged wilth theilr centre

pr—

cathode, to fully cover both sides of

cathode with an electrical field.

13. Use of the cathode according to any of the claims

the plate—-shaped

—

—

located on the same centre line as the centre line of

the

claim 3 - 4, where the cathode 1s assisted by an anode on

—

cach si1de To ensure that both sides o:

covered with an electrical field.

the plates are

fully
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