Innovation, Sciences et Innovation, Science and CA 3092401 A1 2019/09/06
I*I Développement économique Canada Economic Development Canada

Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office 21 3 092 40 1

(12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION

(13 A1
(86) Date de dépét PCT/PCT Filing Date: 2019/02/15 (51) CLInt./Int.Cl. CO2F 1/461(2006.01)
(87) Date publication PCT/PCT Publication Date: 2019/09/06 | (71) Demandeur/Applicant:
(85) Entrée phase nationale/National Entry: 2020/08/27 WATERDIAM FRANCE SAS, FR

o —r . (72) Inventeurs/Inventors:
(86) N° demande PCT/PCT Application No.: EP 2019/053903 PUPUNAT. LAURENT, CH:
(87) N° publication PCT/PCT Publication No.: 2019/166248 GINTER, ANTHONY, US

(30) Priorité/Priority: 2018/02/28 (FR PCT/IB2018/000315) (74) Agent: ROBIC

(54) Titre : PROCEDE ET DISPOSITIF D'ELECTROLYSE POUR SPAS ET PISCINES
(54) Title: ELECTROLYSIS METHOD AND DEVICE FOR SPAS AND POOLS

== Fig.1a

(57) Abrégé/Abstract:

The invention relates to a easily adaptable or DIY installation water purification device on existing any existing spa or pool, said
purification device comprising an electrolysis module equipped with a particular boron-doped diamond electrode on silicum
substrate. The inventions also relates to a method to purify water on spa or pools using a water purification device comprising said
particular boron-doped diamond electrode present on the elecrolysis module.

50 rue Victoria ¢ Place du Portage 1 ® Gatineau, (Québec) KI1AOC9 e www.opic.ic.gc.ca i+l

50 Victoria Street e Place du Portage 1 e Gatineau, Quebec KIAO0C9 e www.cipo.ic.gc.ca ( Eal lada



CA 03092401 2020-08-27

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property '
Organization
International Bureau

(43) International Publication Date %
06 September 2019 (06.09.2019)

‘O 0000 0 0
(10) International Publication Number

WO 2019/166248 Al

WIPO I PCT

(51) International Patent Classification:
CO2F 17461 (2006.01) CO2F 103/42 (2006.01)

(21) International Application Number:
PCT/EP2019/053903

(22) International Filing Date:
15 February 2019 (15.02.2019)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
PCT/IB2018/000315
28 February 2018 (28.02.2018) FR

(71) Applicant: WATERDIAM FRANCE SAS [FR/FR]; 19
rue de I'Ecole, 68130 Franken (FR).

(72) Inventor: PUPUNAT, Laurent; Sous-Maichercux 20,
2800 Delémont (CH).

(74) Agent: EUGENE BLANCHARD; BOVARD SA Neucha-
tel, Rue des Noyers 11, 2000 Neuchétel (CH).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

(54) Title: ELECTROLYSIS METHOD AND DEVICE FOR SPAS AND POOLS

» & G
28
4
2 ~ /3
y
I
1 ~ b,
-
»
A
g

T

Fig. 1a

wO 2019/166248 A1 | NI 0000 T 00000 0 0 0 O 0 0

(57) Abstract: The invention relates to a easily adaptable or DIY installation water purification device on existing any existing spa or
pool, said purification device comprising an electrolysis module equipped with a particular boron-doped diamond electrode on silicum
substrate. The inventions also relates to a method to purify water on spa or pools using a water purification device comprising said
particular boron-doped diamond electrode present on the elecrolysis module.

[Continued on next page]



CA 03092401 2020-08-27

WO 2019/166248 A1 | [0} 00 00 0000 -0 0 00O

Published:
—  with international search report (Art. 21(3))



10

15

20

25

CA 03092401 2020-08-27

WO 2019/166248 PCT/EP2019/053903

ELECTROLYSIS METHOD AND DEVICE FOR SPAS AND POOLS

Description

The invention relates to a device used to clean water from spas and pools,
where said device is a purification device comprising an electrolysis module
comprising boron-doped diamond electrodes and adaptive electronic board
which is an adaptable and DIY also known as do it yourself device. This invention

is aimed to avoid any additional chemical use.

Background

Personal or public spas or pools are now commonly present in houses
nowadays. Those installation require a minimum of maintenance to work
efficiently and to keep the water clean and safe for people using them. The main
problem encountered by owners is to be sure that the water is not polluted or
comprises bacteria and/or fungus, very often transferred to the water from the
skin of the users or contained in the water itself, or by polluted air interfacing with

the water.

To solve this issue, regular use of agressive biocidal and fungicidal
chemicals to clean the water is mandatory, especially chlorine derivatives.
However such chemicals are not neutral when added to the water and they can
be aggressive to bodily tissues and skin. A good example is for instance a
burning sensation in the eyes one can feel it when swimming in a public or

private pool without glasses.

Chemicals added on the water circuitry of spas or pools require qualified
personnal to use them, and the chemicals should be handled with care. Chemical

have drawbacks, as they can generate allergies or irritate the skin as well.

For example in US20030141202 it is described a method and apparatus
for purging and desinfecting water. The invention discloses the use of an alkaline

electrolyte solution that is electrolyzed by a diaphragm-less electrolyzer to
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provide electrolytic water as purging and disinfecting water. The alkaline
electrolyte solution is a mixture of at least one alkaline electrolyte selected from
caustic sodium carbonate, caustic potassium carbonate, phosphorous sodium
carbonate and sodium hypochlorite, and at least one neutral salt selected from

sodium chloride, potassium chloride, sodium bromide and potassium bromide.

The purging and disinfecting water is added to a water circulatory system.
The result is that contaminants and noxious chemicals in the circulatory system
are oxidation decomposed to thereby purge the circulating water, and noxious
microorganisms such as germs, yeasts, fungi, and viruses, growing in the water
circulatory system and causing degradation of water or development of slime are
disinfected and thereby purged from the water circulatory system. The purging
and desinfecting method can be carried out in a simple manner with minimum

cost.

Despite the purging and desinfecting method can be carried easily with a

minimum of cost, using caustic alkaline compounds is not necessarily safe.

In US2010351604 it is disclosed a method of sanitizing water contained in
a spa, which comprises installing a chlorine generating cell including a diamond
electrode in a filter compartment of the spa, employing a resin-filled calcium
remover bag to reduce the hardness of the water, adding salt to the water; and
operating the chlorine generating cell to generate chlorine and other sanitizing

agents for sanitizing the water.

Altough the method is efficient by using electrolysis it requires addition of
salt to the water and a specific installation with a filter compartment which need a
certain level of maintenance and specialist to install said device. Based on users
testimonies accessible on Internet the use of additional chemicals is always

needed to ensure water disinfection.

The drawbacks created by the use of chemicals and the mainteance of
such systems, impel to find alternative systems or methods to clean the water
used in spas or pools, with aminimum of maintenance need and do not require
the use of chemicals which could be over the time harmful to people and do not

then offer a real innovative performance.
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Summary of the invention

It has been suprisingly found that the drawbacks of the cited prior art are
solvent by using a water purification device comprises at least two boron-doped
diamond electrodes coated on a silicon substrate, said diamond electrodes
having an active surface area of between about 50 and 100 cm?, preferably
between about 60 and 80 cm?2, more preferably about 70 cm?2.

The inventors have surprisingly discovered that using specific boron-
doped diamond electrodes having a surface of more than 50 cm?2, with an
optimum at about 70 cm?, allows to provide full decontamination of bathing
waters without use of chlorinated chemicals or flocculants. This thus allows for
more hygienic and dermatologically neutral water purification in spas and pools.

In addition, the use of such electrodes allows for intermittent, periodical,
electrolysis of the water, which is more efficient from an electrical power
consumption point of view.

In preferred embodiment said water purification device is easily adaptable
to an existing purification system of a spa or pool, such that it can be easily fitted
into the filtration circuit without fuss or amendment works for users.

The operating voltage of the electrodes present in the water purification
device is comprised between -1V and -2V on cathodic polarization and between
+2V and +4V on anodic polarization.

The electrodes of the water purification devices can adopt various shapes
such as a circular, square, triangular rectangular or star-shaped transversal
cross-section in a plane perpendicular to a longitudinal direction of said
electrode.

In a preferred embodiment the thickness of the boron doped diamond
layer is comprised between 1 um and 9 um, preferably 1 and 4 um, more
preferably 1 and 3 um.

The resistivity of the silicon substrate in the water purification device is
comprised between 50 to 200 mOhm.cm, preferably 50 to 150 mOhm.cm.

In a preferred embodiment said water purification device according to any

of the hydraulic or water flow sensor.
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Another aspect of the invention is a method to purify bathing water in spas
or pools without fungicidal or biocidal chemical additives, which comprises the
steps of:

i) Installing a purification device as previously defined in a water
filtration circuit of a spa or pool;

ii) Circulating bathing water contained in said spa or pool in said
filtration circuit by a filtration system and/or a pump such that said electrodes are
in permanent contact with water in said spa or pool filtration circuit,

iii) Periodically connecting said electrodes to an electrical power source
to periodically electrolyze the water circulated over said electrodes.

In the context of the present invention, the terms “periodical’ or
“periodically” in relation to the connection of the electrodes to electrical power
and to the electrolysis cycles thereby delivered on the water circulated in the
filtration circuit of a spa or pool shall be construed as meaning “non-permanent’,
i.e. intermittent, occurring at time-spaced intervals, said time-spaced intervals not
necessarily being constant over time.

In other words, the terms “periodical’” or “periodically” shall not be
interpreted in such a way that they are strictly limited to a mathematical definition
of those terms, i.e. periods of identical duration cyclically repeating over time.

In a preferred embodiment when applying the method of purify bathing
according to the invention is to maintain the pH of the water present in said spas
or pools between 6 and 8.

In the method according to the invention is it is important that the
temperature of the water is maintained between 35°C and 45°C.

In the method according to the invention the water is circulated
continuously in said filtration circuit and the electrodes are periodically powered
to perform electrolysis cycles of at least 30 min to one hour.

In a preferred embodiment of the method according to the invention the
electrode are powered at regular intervals.

In a preferred embodiment of the method according to the invention 4 to
12 electrolysis cycles are conducted per 24h, i.e. the electrodes are electrically

powered 4 to 12 times a day. Preferably, two consecutive electrolysis cycles shall
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not be completed within less than 2h, to maintain full efficiency of the water
purification method over time, in particular over months, without requiring

changing the bathing water.

In the method according to the present invention, the water does need,
and should preferably not contain any cleaning chemical additives with fungicidal
or bacteriocidal effect or the like. The only acceptable additive to allow proper
performance of the invention may be a conductivity salt such as NaCl to improve
electrolysis cycles. Said conductivity salt may be present at a concentration of

0.2 to 2g per Liter, preferably from 0.5 to 1g per Liter.

Brief description of the drawings

Features and advantages of the device and method of the invention will
become apparent, from the following detailed description of an embodiment of

the invention, in reference to the accompanying drawings, among which:

e Fig. 1a illustrates an installation set-up for the water purification

device of the invention in an existing pool having a filtration system;

e Fig. 1b illustrates inserted corresponding installation set-up in an

existing spa system;

¢ Fig. 2a shows an electrolysis module comprising two boron-doped
diamond electrodes forming parts of the water purification device

according to the invention;
¢ Fig. 2b shows a power supply module or box;

e Fig. 3a illustrates a hydraulic or water flow sensor in connection

with an electrolysis module;

e Fig. 3b illustrates an earthing apparatus for the water of the spa or

pool;

e Fig. 4 illustrates the operating windows comparison between a

boron-doped diamond electrode vs a platinum electrode, where the
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abscissa representing the voltage vs NHE (normal hydrogen

electrode) and the ordinate the intensity (A/cm?2) in H2S04 1M.

Description of preferred embodiments

Unless the context clearly requires otherwise, throughout the description
and the claims, the words "comprise", "comprising”, and the like are to be
construed in an inclusive sense as opposed to an exclusive or exhaustive sense;

that is to say, in the sense of "including, but not limited to".

Fig 1a and 1b show the benefit of a water purification device according to

the present invention.

From an existing spa 4 or pool system with its own water circuit 4°, it is
very easy to adapt a water purification device according to the invention,
comprising a power supply module or box 2 in connection with at least one
electrolysis module 1, which comprises at least two boron-doped diamond
electrode deposited on a silicon substrate. The water purification device also
comprises a hydraulic or water flow sensor 3 shown in Fig 3a in connection with
the electrolysis module and an earthing apparatus 7 (shown in Fig 3b) to
electrically connect the water of the spa or pool to the ground directly before or

after the water has been circulated in the electrolysis module 1.

One advantage of the present invention is that the water purification
device proposed is made of simple and inexpensive elements easy to adapt and

install in existing spa or pool systems.

As highlighted in Fig. 1a and 1b, the water purification device of the
invention may be connected to an existing spa 4 or pool system 4. Said spa 4 or
pool system 4’ usually comprises water pipes or tubes forming a hydraulic circuit
for circulating the water of said spa or spool in a closed loop. As represented in
Fig. 1a and 1b, such existing spa 4 or pool system 4’ further comprises a filtration
system 6 and a heater 5 integrated in the hydraulic circuit in order to periodically

or permanently filter and the water and keep it at the correct temperature. Said



10

15

20

25

30

CA 03092401 2020-08-27

WO 2019/166248 PCT/EP2019/053903

filtration system 6 extracts the dust and the biological material present or

generated in the water through normal usage of the spa or the pool.

These classical systems usually require usage of chemical compounds
such as chlorine as cleaning and purifying agents in the water on a regular basis,
for example in pill, liquid or powder form, to remove or destroy fungus or bacteria
present in water. Other known chemicals such as Trichloro isocyanure or PHMB

for polyhexamethyleme biguanide can be used as well.

Adding such chemicals can be detrimental to the safety and comfort of
users as, despite the presence of a filtering system, they can cause allergies or

skin and tissues irritation of users.

The water purification system according to the invention advantageously
allow for effective cleaning and purification of the water of spas and pools without
using any chlorinated additives or fungicides, thanks to electrolysis of the water
of a spa or pool by means of boron-doped diamond electrodes, which produces
into the water natural disinfecting agents, including active oxygen, and eliminates

micro-organisms, fungi, urea and like faster than any chlorinated additive.

This provides an undeniable advantage over the use of chemical
compounds to purify the water of spa or pool. The only requirement for the
purification system and method of the invention to work effectively is the
presence in the water of a spa or pool to be disinfected of conductivity salts such
as NaCl, either naturally present or added in the water if required. Said
conductivity salt is present at the concentration of 0.2 to 2g per Liter, preferably
from 0.5 to 1g per Liter, which is probably the lowest content of NaCl or
conductivity salt usually present on spa and pools. By avoiding any added
chemical compounds, the drawbacks such as skin or eyes irritation disappear for

users.

The working principles of the water purification device of the invention,
which will be described further, allows for a long period of time (about 3 months)
to keep the water clean in said spa and pool without changing it and therefore
reduces the maintenance of the spa or pool (changing the water, draining the spa

or spool, changing the filter....).
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In the water purification device of the invention there is at least one
electrolysis module 1 comprising at least two boron-doped diamond electrodes

coated on a substrate.

Said electrode(s) provides a contact area that is comprised between 50

and 100 cm?, preferably 60 and 80, more preferably about 70 cm2,

Said surface area as well as the diamond nature of the electrode(s)
provides a double advantage over the existing spa or pool purification systems

configurations found in the prior art.

The first advantage with said surface area of the electrode(s) is that the
contact between the electrode and the water to be treated is optimal, thus said
contact area allows to treat efficiently about 6 to 10 m3 of water per day with a

reduced consumption of electricity during the purification process.

A second important advantage is the operating windows (meaning the
electrical parameters for the power supply of the electrode(s)) of said particular

boron-doped diamond electrode(s).

This aspect of the electrode(s) is very important as highlighted in FIG. 4
when comparing a classical platinum electrode used for electrolysis purpose with

the one used in the purification device according to the invention.

The comparison of Fig. 4 shows that the particular diamond electrode of
the water purification system of the invention, with its specific surface area,

allows to work within a higher voltage window than the one of platinum.

It is very important as highlighted in FIG. 4 that the electrode according to
the present invention is efficient when operating on a potential comprised
between -1V and -2V on cathodic polarization and +2V and +4V on anodic
polarization; in comparison the platinum electrode is only operable efficiently
between -0.3V on cathodic polarization and a maximum of +1.7V on anodic

polarization.

This larger working window is of importance as shown in figure 4, because
it has a direct impact on the electrolysis of the water according to the method of

the invention.



10

15

20

25

30

CA 03092401 2020-08-27

WO 2019/166248 PCT/EP2019/053903

While with platinum electrode we could have valuable chemical
compounds generated to purify correctly when there is chemical additive added
to the water generated such as O3 from H20 or Oz from H20 or Clz from CI-, the
use of the electrode according to the present invention does no longer require
any additives. Without being bonded by theory, it seems that using said particular

electrodes makes the water is own cleaning agent.

Therefore said particular diamond electrode(s) of the water purification
system of the invention totally avoids the use of chemicals commonly used in
spas or pools to clean them and is efficiently treating a large volume of water for

a long period of time.

The boron-doped diamond electrode(s) could be according to the prior art
deposited on various substrates such as metal or alloys, but the most convenient
substrate found to be suitable for the application contemplated on spa or pool is

a silicon substrate.

The thickness of said silicon substrate where the boron doped diamond
layer is deposited on is about 1 um and 9 um, preferably 1 and 4um, preferably 1

and 3 um.

Silicon is also preferred as a substrate for supporting the boron doped
diamond layer as it cannot rust into water and a strong and efficient bond
between silicon and the boron doped diamond layer can be obtained upon

formation of the electrode(s).

The boron doped diamond layer is for example deposited by Chemical
vapor deposition also known as CVD or by plasma assisted chemical vapor
deposition process PACVD. Other examples of process for example, hot filament
CVD (HFCVD); combustion flame CVD (CFCVD); arc jet plasma-assisted CVD
(AJCVD); laser-assisted CVD (LCVD); and RF or microwave plasma-assisted
CVD (RF or MW CVD) could be also contemplated.

The boron-doped diamond electrode(s) in the electrolysis module 1 of the
purification system of the invention may have various shapes, and for example
show a circular, square, triangular rectangular or star-shaped transversal cross-

section in a plane perpendicular to a longitudinal direction of said electrode(s).
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The electrolysis module 1 is open to a hydraulic or water flow in the water
circuit of a spa or pool and connected to the electric power supply module 2. To
work properly and not jeopardize the proper working conditions, the electrode(s)
are supplied a direct current from the power supply module 2 as show in Fig. 2b.
The power supply 2 is connected with the electrolysis module 1 providing a direct
current to said electrode usually at 2.5A. In case of required inversion of polarity

such can be done automatically by the power supply module 2.

To work properly the electrolysis module 1 requires to be permanently
bathed into water, and preferably that water is circulated over the electrodes by
the filtration system 6 of the spa or pool. As shown in Fig. 3a a hydraulic or water
flow sensor is preferably added in the water purification system shortly before a
water inlet or after an outlet of the electrolysis module 1, that will measure the

water flow passing there through.

According to Fig 1a and b, the electrolysis module 1 is connected in the
existing water circuitry of the spa or pool via O-rings at least one inlet and at least
one outlet of the electrolysis module 1. The water flow sensor is in connection
with the power supply module 2, and if no water is flowing in the circuit, then the

power supply module 2 shuts power supply to the electrolysis module 1.

Should the electrode(s) in the electrolysis module 1 not be bathed into
water, then the power supply module 2 also detects the opening of the electrical

circuit and thus shuts down power as well.

The water purification device according to the invention further comprises
an earthing apparatus 7 (shown in Fig 1a and Fig 3b), for example in a T shaped
electrode or else, configured to connect the water of the spa or pool system to
ground, to avoid that any electrical short-circuit in the electrolysis module 1 or

power supply module 2 may harm users present in the spa or pool.

The water purification device according to the present invention can
advantageously work in an automatic mode or can be activated or deactivated on

demand, manually or by using a remote controller system.

Another advantage of the present invention lies in the fact that the water

purification device does not necessarily need permanent activation but can be
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activated periodically, i.e. at timely intervals, preferably but not necessarily
regular intervals. It has been found that electrolyzing the water at regular
intervals allows for the water to remain clean for a long period of time. Activating
the electrolysis module between 4 to 12 times for at least one hour per day is
sufficient to obtain clean water, for over 3 month to one year. In case of strong
frequentation, the electrolysis module can be activated full time for up to one full

day.

Another object of the present invention is a method to purify bathing water
in spas or pools without fungicidal or biocidal chemical additives, wherein the
method comprises the steps of:

¢ |Installing a water purification device according as described
previously in an existing water filtration circuit of a spa or pool;

e (Circulating bathing water contained in said spa or pool in said
filtration circuit by a filtration system and/or a pump such that the
boron-doped diamond on silicon substrate electrodes present in the
electrolysis module 1 are in permanent contact with water in said
spa or pool filtration circuit;

e and then periodically applying an electric current to said electrode

to electrolyze the water circulating over said electrodes.

As mentioned previously to enhance the capacity of the system to speed
the water purification process or to treat efficiently a higher volume of water, it is
possible to use at least one electrolysis module, just requiring to adapt
accordingly the connection of the existing water circuit with the electrolysis

module present with the water purification device.

It is important that the pH of the water should not be too much acid to
promote water comfort, the ideal pH to use efficiently the water purification device

is between 6 and 8.

It is also important to avoid having warm water on the purification device
system; water maintained between 35°C and 45°C, ideally 40°C is the best

temperature for using the water purification device.
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Another advantage of the purification device according to the invention is
the low level of maintenance on the electrodes present in the electrolysis module
1. A simple inversion of the polarity of said boron doped diamond electrodes will
be required to clean them and is performed by the electronic card of the

dedicated box.

By way of comparative example, the inventors tested two electrolysis
protocols, which demonstrate the efficiency of the periodical electrolysis process

of the invention in the purification of water contained in a spa.

More specifically, electrolysing the spa water once a day during 12 hours
applying a current charge of 6 to 6.4 Ah/day.m3 does not allow keeping spa water
sanitized for use of 4 persons/week over a 1 month period, while the filtration of

the water is continuously activated.

By opposition, conducting electrolysis cycles of the water for between 30
min and 1 h applying a current charge of 6 to 6.4 Ah/day.m3, at regular intervals
between 4 to 8 times a day over a 1 month period, while the filtration of the water
is continuously activated, provides a perfectly sanitized spa water with no use of

any chemical nor any water replacement.

In addition, use of standard salt electrodes instead of boron-doped
diamond electrodes according to the current invention induces a strong increase
in concentration of combined chlorinated compounds (chloramines) in the water,

which is totally absent with the current invention system and diamond electrodes.

Those skilled in the art will appreciate from the foregoing that various
adaptations and modifications of the just described embodiments can be
configured without departing from the scope and sprit of the invention. Therefore,
it is to be understood that, within the scope of the appended claims, the invention

may be practiced other than as specifically described herein.
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Claims

1.

A water purification device, characterized in that said device comprises at
least two boron-doped diamond electrodes coated on a silicon substrate, said
diamond electrodes having an active surface area of between about 50 and
100 cm?, preferably between about 60 and 80 cm?, more preferably about 70

cm?2.

A water purification device according to claim 1, characterized in that the
operating voltage of said electrodes is comprised between -1V and -2V on

cathodic polarization and between +2V and +4V on anodic polarization.

A water purification device according to any of the preceding claims,
characterized in that each electrode has a circular, square, triangular
rectangular or star-shaped transversal cross-section in a plane perpendicular

to a longitudinal direction of said electrode.

A water purification device according to any of claims 1 to 3, characterized in
that the thickness of the boron doped diamond layer is comprised between 1

um and 9 um, preferably 1 and 4 um, more preferably 1 and 3 um.

A water purification device according to any of the preceding claims,
characterized in that the resistivity of the silicon substrate is comprised
between 50 to 200 mOhm.cm, preferably 50 to 150 mOhm.cm.

A water purification device according to any of the preceding claims
characterized in that it is configured to allow, in use, permanent circulation of a

hydraulic flow on the boron-doped diamond electrodes.
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7. A water purification device according to any of the preceding claims

characterized in that it further comprises a hydraulic or water flow sensor.

8. A method to purify bathing water in spas or pools without fungicidal or biocidal
chemical additives, characterized in that the method comprises the steps of:

i) Installing a purification device according to any preceding claim in series in
a water filtration circuit of a spa or pool,

i)  Circulating said bathing water contained in said spa or pool in said filtration
circuit by a filtration system and/or a pump such that said electrodes are in
permanent contact with water in said spa or pool filtration circuit,

i) Periodically connecting said electrodes to an electrical power source to

periodically electrolyze the water circulated over said electrodes.

9. A method according to claim 8, characterized in that the pH of said water is

maintained between 6 and 8.

10. A method according to claim 8 or 9, characterized in that the temperature of

the water is maintained between 35°C and 45°C.

11.A method according to any of claims 8 to 10, characterized in that water is
circulated continuously in said filtration circuit and the electrodes are
periodically powered to perform electrolysis cycles of at least 30 min to one

hour.

12.A method according to claim any of claims 8 to 11, characterized in that the

electrodes are powered at regular intervals.

13. A method according to any of claims 8 to 12, characterized in that it comprises

4 to 12 electrolysis cycles per 24h.
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