I*I Innovation, Sciences et Innovation, Science and CA 3003308 C 2023/11/07

Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 3 003 308
12y BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépdt PCT/PCT Filing Date: 2016/10/31 (51) CLInt./Int.Cl. CO2F 1/467(2006.01),
(87) Date publication PCT/PCT Publication Date: 2017/05/04 CO2F 1/461(2006.01)
" . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2023/11/07 BEN SALAH, IHSEN, CA:
(85) Entrée phase nationale/National Entry: 2018/04/26 LAAROUSSI, MOHAMED, CA
(86) N° demande PCT/PCT Application No.: CA 2016/051265 | (73) Propriétaire/Owner:
(87) N° publication PCT/PCT Publication No.; 2017/070798 E2METRIX INC., CA
(30) Priorité/Priority: 2015/10/30 (CA2910853) (74) Agent: BROUILLETTE LEGAL INC.
(54) Titre : APPAREIL ET PROCEDE POUR ELECTRODESINFECTION
(54) Title: APPARATUS AND METHOD FOR ELECTRODISINFECTION
. 134 100
__ﬂ]_..__, — T 4 /_-
110
o — )
l 134
132 .
N gy — 4y #y
oo 29
HMI : r
‘\3125 L
. - T ol IO ] T o] .
3 L X
110 114
10 - 12 113 116 128
125
(e e b P P
i adi b, of .
— [ - ‘““T —
s L L 5 L=
N 24— * *
10
122
(57) Abrégé/Abstract:

An electrolytic assembly and a method for the bacterial disinfection of water or wastewater is disclosed. Water circulating in cooling
towers such as those that discharge heat from air conditioning; ships' ballast water; or wastewater with a dryness varying from 0.01
to 3 %, can be treated. The assembly comprises one or more electrolytic units comprising at least one Dimensionnally Stable
Anode commonly known as DSA, or a Boron Doped Diamond anode, also hamed BDD anode. The electrolytic treatment at least
partially kill the bacteria present in the water. It has been shown that the electrolytic treatment breaks the cell membrane of bacteria
present in the water. The treatment is particularly adapted for eliminating Legionella and others microorganisms, such as E. coli.
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lating in cooling towers such as those that discharge heat from air conditioning; ships' ballast water; or wastewater with a dryness
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APPARATUS AND METHOD FOR ELECTRODISINFECTION

Cross-Reference to Related Applications

[06001] The present patent application claims the benefits of priority of commonly assigned
Canadian Patent Application No. 2,910,853, entitled “Apparatus and Method For
Electrodisinfection” and filed at the Canadian Intellectual Property Office on October 30, 2015.

Field of the Invention

[0002] The present invention generally relates to an apparatus and method for electrodisinfection,

such as for removing microorganisms from water.
Background of the Invention

[0003] Disinfection methods can be divided into two main groups, namely physical and chemical
processing methods (Metcalf and Eddy, 2003).

[06004] Physical methods include: electromagnetic radiation, ultrasonic waves, heat, visible light
and ultraviolet (UV) radiation, ionizing radiation (gamma and X), electron beam and electric

current.

[0005] Chemical methods use different compounds: especially halogens (Ch, Bra, I, HOCI, OCl,
ClOz, HOBr, HOI, etc.), oxygenated and highly oxidizing compounds (ozone, hydrogen peroxide,
phenols, alcohols, percarbonate and persulfate, peracetic acid, potassium permanganate, etc.),

quaternary ammonium compounds, acids and bases, and enzymes.

[0006] The micro-organisms inactivating mechanisms comprise one or a combination of the

following phenomena (Prescott, 1995):

1) disintegration of cell membranes (generates osmotic lysis),
2) Changes in membrane permeability,

3) Changing the nature of intracellular constituents,

4) Alteration of nucleic acids,

5) Interference with protein synthesis,

6) Induction of abnormal redox processes,

7) Inhibition of enzyme activity.
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[0007] Disinfection is primarily determined by the ability of the bactericidal agent to oxidize and
break the membrane and by its ability to diffuse into the cell. For example, chlorine diffuses into
the cell and generates a malfunction of internal enzymes, inactivating the cell (Diao et al. 2004).
Chlorine may also react with the constituents of the cell membrane. Otherwise, ozone is attributed
to its high oxidation potential which directly causes degradation of the cell membrane and causes
osmotic lysis. Produced hydroxyl radicals via the Fenton reaction will also degrade the cell

membrane.

[0008] Persin and Rumeau (1989) already mentioned the importance of the electric field between
the electrodes, which leads to the destruction of certain bacterial species. Using titanium
electrodes, Patermarakis et al. (1995) confirmed this bactericidal effect without the formation of

hypochlorous or other chlorine derivatives elements.

[0009] Different approaches exist to disinfect water. Some techniques use high voltage pulse
currents for short periods of treatment while others use low energy during long processing time.
Feng et al. (2004) conducted laboratory tests by the pulsed current application on a culture solution
in closed recirculating systems, measured the abatement of Legionella bacteria and disinfection
advance that is attributable to the effect of highly reactive free radicals (such as OH or ClO)
generated during treatment with pulsed electric fields (1.0 and 1.5 kV to 5 kHz). The pulsed
treatment generates more free radicals and is therefore more efficient. Microorganisms are
inactivated by free radicals. Their membrane becomes permeable due to exposure to electric fields,
which causes osmotic lysis by electroporation. Tolentino-Bisneto and Bidoia (2003) examined the
effect of low current (0.6 A and 8 to 11 V) on Bacillus subtilis in water and suggest that the
reduction also comes from the electroporation. According to Matsunaga et al. (1992), inactivation
is produced by the electrochemical oxidation of coenzyme A. Drees et al. (2003) explain this
phenomenon by the oxidative stress generated by an irreversible permeabilization of cell
membrane caused by the electric field inducing the electrochemical oxidation of critical cellular
components. They mention that the electrolysis generates many oxidants in the presence of oxygen
peroxide (H202) and ozone (O3) and the chloride (Cl2) and chlorine dioxide (C1O2) when the
chlorine ions (C1) are here. Research suggests that these antimicrobial agents act synergistically
on the inactivation of microorganisms. Drogui (2004) suggests that disinfection is partly due to
the synergistic action of direct and indirect effects of electrolysis. Indeed, the direct action of free
radicals generated at the anode causes oxidation of bacterial cells, whereas the indirect action is

exerted via the oxidants generated in situ with H2S20s and HCIO.
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[0010] In direct electrolysis, the pollutants are oxidized after adsorption on the anode surface
without the involvement of any substances other than the electron, which is a “clean reagent”.
High electrochemical rates have been observed using noble metals such as Pt and Pd, and metal-
oxide anodes such as iridium dioxide, ruthenium—titanium dioxide, and iridium—titanium dioxide
(Foti et al. 1997).

[0011] The commonly accepted theories indicate that the reduction of microorganisms results in
osmotic lysis of bacterial cells (Drogui et al 2004 and Feng et al 2004 cited supra). This bactericidal

effect is caused by various phenomena including:

1) Oxidation of organic compounds of cell membrane by hydroxyl radicals generated at
the anode,

2) Oxidation of organic compounds of cell membrane by free radicals from the Fenton
reaction between the anode and the cathode, or

3) Oxidation of organic compounds of cell membrane by the ionization energy of the

voltage gradient.

[0012] Microorganisms belong to five categories: bacteria, viruses, protozoa, fungi and helminths.
Only some of them are said pathogens because they have the potential to cause illness. The
quantities of pathogenic microorganisms vary depending on various parameters including: the
nature of the collected waste (municipal, industrial ...), the amount of discharge treated, the health
of the release and the type of treatment performed.

[0013] Microorganisms are present in all environments and are mostly able to withstand very
adverse environmental conditions. For example, the bacteria must resist the osmotic pressure
caused by the fact that their cytoplasm is strongly hypertonic relative to the external environment.
Thus, the structure of the membrane cell is capable of withstanding osmotic pressures up to 20 bar

(Prescott et al. 1995 cited supra).

[0014] Moreover, some bacteria, Bacillus, Clostridium and Sporosarcina expressed sporulating.
They have the property of generating a protective cap that protects against dehydration and high
temperatures. Viruses are protected from adverse conditions in their capsid or envelope.
Depending of the different characteristics of microorganisms, the technology used for disinfection

is variable.

[0015] Bacteria of the genus Legionefla is a gram negative, strictly aerobic bacterium of the

Legionellaceae family. It is found naturally in most fresh water sources, such as lakes and rivers.

Date Recue/Date Received 2022-12-23



10

15

20

25

30

Docket file no. 12087-020

It is also found in cooling towers, plumbing systems, water heaters, and warm water spas
(Edelstein, 1988). Legionella pneumophila infection can cause a severe form of pneumonia, called
Legionnaires’ disease (Cunha, 2010). This bacterium is present worldwide. As such, infections are
reported in all continents (Edelstein, 1988). The most common agent of Legionnaires' disease is
Legionella pneumophila serogroup 1, which is the source of 61 to 88% of reported cases (Tijet et
al., 2010).

[0016] A water cooling tower operates as a heat exchanger by direct contact between the water
and the ambient air. Its effectiveness depends on the contact surface between the liquid element
and air. To maximize the contact surface, the water is distributed as droplets in a stream of air
passing through the tower thus the heat is dissipated into the ambient air and that the water is
cooled. An amount of the water volume flowing through the apparatus is driven out by the fans.
When this water is contaminated, the neighborhood is exposed to potentially infectious bacteria.
So, three thresholds are introduced: <1000 CFU/L; between 1000 and 100 000 CFU/L and> 100
000 CFU/L of Legionella pneumophila serogroup 1 and Legionella pneumophila serogroup 2-15.
These three thresholds determine the quality of the circulating water in the tower. The last two

thresholds require curative actions.

[0017] French researchers found that Zegionella bacteria travelled up to 6 kilometres (3.7 mi)
through the air from a large contaminated cooling tower at a petrochemical plant in Pas-de-Calais,
France. That outbreak killed 21 of the 86 people who had a laboratory-confirmed infection. So,
it’s very important to treat water circulating into cooling towers to prevent disease caused by

Legionella species.

[0018] In late September, 2005, 127 residents of a nursing home (Seven Oaks, Toronto, Canada)
became ill with Legionella pneumophila. Within a week, twenty-one of the residents had died.
Culture results at first were negative, which is not unusual as this bacteria is fastidious, meaning
it leaves virtually no trace of itself. The source of the outbreak was traced to the air-conditioning

cooling towers on the nursing home's roof.

[0019] A list of Legionnaires’ diseases outbreaks is published on the Internet such as on:

https://en.wikipedia.org/wiki/List_of Legionnaires' discase outbreaks.

[0020] Besides treating the circulating cooling water in large industrial cooling tower systems to

minimize scaling and fouling, the water should be filtered to remove particulates, and also be dosed
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with biocides and algaecides to prevent growths that could interfere with the continuous flow of

the water.

[0021] Another very important reason for using biocides in cooling towers is to prevent the growth
of Legionella, including species that cause Legionnaires' disease. The present invention has the

ability to eliminate bacteria and microalgae simultaneously.

[0022] There is thus a need for a new apparatus and method for disinfection of waters, preferably
applied to water used in cooling towers, or other types of waste waters, such as wastewater having
a dryness of the influent from 0.01 to 3 %; or ballast waters carried by ships, without the use of

biocides or other chemical or biochemical agents.
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Summary of the invention:

[0037] The shortcomings of the prior art are generally mitigated by an apparatus and method for
electrodisinfection of water, such as but not limited to water circulating in a cooling tower such as
a cooling tower installed on or near buildings to discharge heat from air conditioning, or
wastewater, such as wastewater having a dryness of the influent from 0.01 to 3 %; or ballast water

carried by ships.

[06038] The assembly comprises at least one electrolytic unit comprising at least one stable anode
(i.e., that is not consumed during electrolyse), commonly known as Dimensionally Stable Anode
or DSA. The DSA preferably consists of a titanium base metal covered by a thin conducting layer

of iridium dioxide. Boron doped diamond (BDD) anodes may also be used.

[0039] The invention is first directed to an electrolytic apparatus assembly for the electro-

disinfection of water. The apparatus comprises:

»  atleast one vertical electrolytic unit, each unit comprising:
- a vertical tubular reactor having a bottom section and a top section,
- an inlet adjacent to the bottom section of the reactor for injecting water to

be treated into the reactor,
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- an outlet adjacent to the top section of the reactor for extracting the water
from the reactor, and

- at least one anode and at least one cathode located inside the reactor and
configured to be operatively connected to an electric power supply
providing a continuous current to the anode(s) and cathode(s) to electrolyse
the water flowing inside the reactor for at least partially kill bacteria present
in the water,

wherein each anode is a Dimensionally Stable Anode, also named DSA; or a

Boron Doped Diamond anode, also named BDD anode; and

»  a pump unit operatively connected to the inlet for injecting the water to be treated

into the reactor.

[0040] According to a preferred embodiment, the anodes are DSAs comprising a titanium metatlic

base covered by a conducting layer of iridium dioxide.
[0041] According to a preferred embodiment, the anodes are BDD anodes.

[0042] According to a preferred embodiment, the vertical electrolytic reactor defines an
electrolysation chamber extending from the top of the reactor and containing the anode(s) and
cathode(s) substantially parallel to a flow of the water created from the bottom to the top of the
reactor when the water is injected into the reactor; and a flow dispersion chamber located below

the electrocoagulation chamber and in fluid communication with the inlet.

According to a preferred embodiment, the electrolytic apparatus assembly comprises a number M
of anodes, with M being 3, 6, 9, 12 or 15, being rods. Preferably, the rods are operatively connected
to one or two crown member to form an electrode cartridge. The crown members are configured
to be operatively connected to the power supply. The top crown member is also configured to seal
the top section of the vertical tubular reactor once the electrode cartridge is inserted into the reactor,
the electrode cartridge being removable from the reactor for the maintenance of the anodes and

cathode.

[0043] According to a preferred embodiment, the vertical tubular reactor is configured to form a
second tubular cathode about the anodes. Alternatively, the electrode can extend from the inside

wall of the tubular reactor.

Date Recue/Date Received 2022-12-23



10

15

20

25

30

Docket file no. 12087-020

[0044] According to a preferred embodiment, the power supply provides a current with an
amperage between 10A and 80A, corresponding to 6V and 40V respectively, in order to reduce a

treatment time of the water.

[0045] According to a preferred embodiment, the electrolytic apparatus assembly comprises a
number N of electrolytic vertical units with N > 2, and disposed in a parallel configuration to form
a modular unit of N reactors, the outlet of the (N-1)* electrolytic unit being fluidly connected to
the inlet of the N electrolytic unit, the number N being selected in accordance with a volume of

water to be treated. The number N can be 2, 3 or 4, and even more than 4 if need be.

[0046] According to a preferred embodiment, the pump unit is fluidly connected to a cooling tower
in order to extract and treat water that have previously circulated within the cooling tower; the
outlet of the reactor being optionally fluidly connected to the same cooling for re-injecting the

water into the cooling tower after treatment.

[0047] The invention is also directed to the use of the electrolytic apparatus assembly as defined
herein, for the electro-disinfection of water from a cooling tower, such as, but not limited to the

water contains Legionella and/or E. coli bacteria.

[0048] The invention is also directed to the use of the electrolytic apparatus assembly as defined
herein, for the electro-disinfection of aquatic species carried in ships' ballast water. For instance,
the aquatic species may comprise bacteria or microbes, micro-algae, or various life stages of

aquatic plant and animal species.

[0049] The invention is also directed to the use of the electrolytic apparatus assembly as defined

herein, for the electro-disinfection of wastewater having a dryness of from 0.01 to 3%.

[0050] The invention is also directed to the use of method for the electro-disinfection of water
extracted from a cooling tower containing bacteria, such as, but not limited to Legionella and/or

E. coli bacteria. The method comprises the steps of:

a) injecting the water to be treated into an electrolytic apparatus assembly comprising
at least one Dimensionally Stable Anode or DSA, or Boron a Doped Diamond, also
named BDD anode, the water having previously circulated in the cooling tower
prior to be injected into the electrolytic apparatus assembly;

b) performing an electrolytic treatment of the water circulating into the electrolytic

unit assembly for at least partially kill the bacteria; and
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c) optionally, re-injecting the water once treated into the cooling tower.

[0051] The invention is also directed to the use of an electrolytic apparatus assembly comprising
a Dimensionally Stable Anodes or DSA for the electro-disinfection of water or wastewater.
Preferably, the water to electro-disinfect is water circulating in a cooling tower and containing
bacteria, such as Legionella and/or E. coli. The present invention has the ability to eliminate
bacteria and microalgae simultaneously. The use of biocides and additional filter is eliminated in
cooling towers to prevent the growth of Legionella, including species that cause Legionnaires'

disease, is eliminated.

[0052] Alternatively, the water may be ships' ballast water containing aquatic species, such as
bacteria or microbes, micro-algae, or various life stages of aquatic plant and animal species.
Alternatively, the DSA allows the electro-disinfection of wastewater, such as the wastewater
having a dryness of from 0.01 to 3%.

[0053] Preferably, the present invention uses amperages between 10A and 80A, corresponding to

6V and 40V respectively, in order to reduce treatment time.

[0054] It has been shown that the electrolytic treatment breaks the cell membrane of bacteria
present in the water. The treatment is particularly adapted for eliminating bacteria such as

Legionella and/or E. coli.

[0055] Since 1989, Davis et al. demonstrated the effect of increasing microamperage (10 to 400
1A) on bacterial growth reduction and killing, within a period of two days.

[0056] Other and further aspects and advantages of the present invention will be better understood
by reading the illustrative embodiments about to be described or will be indicated in the appended
claims, and various advantages not referred to herein will occur to one skilled in the art upon

employment of the invention in practice.
Brief Description of the Drawings

[0057] The above and other objects, features and advantages of the invention will become more
readily apparent from the following description, reference being made to the accompanying

drawings in which:

[0058] Figure 1 is a schematic illustration of a modular unit of electrolysis reactors in accordance

with at least one embodiment of the invention;
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[0059] Figures 2A and 2B are pictures showing the system for treating water from a cooling tower
in accordance with a preferred embodiment of the invention.

[0060] Figure 3 is a front view of the exterior view of an electrodisinfection reactor in accordance
with at Ieast one embodiment of the invention;

[0061] Figure 4 is a perspective view of the electrodisinfection reactor illustrated on Fig. 2;
[0062] Figure 5 is a schematic illustration of the interior view of an electrodisinfection reactor in
accordance with at lcast onc embodiment of the invention; and

[0063] Figure 6 are schematic illustrations of the typical concentric arrangement of anodes and
cathodes in an electrolysis reactor in accordance with at least one embodiment of the invention;
and

[0064] Figures 7 are schematic illustrations of the typical concentric arrangement of anodes and

cathodes in an electrolysis reactor in accordance with at least one embodiment of the invention.

Detailed Description of the Preferred Embodiment

[06065] In the present embodiment, now referring to Figures 1 and 2, a system 100 comprising a
plurality of electrodisinfection reactors 110-116 is shown. In these embodiments, the reactors are
arranged in a modular arrangement or configuration to make up an electrolysis unit 120. In the
embodiment illustrated in Fig. 1, four electrolysis reactors are arranged in a single unit 120. In
Figure 2, two electrolysis reactors are arranged in a single unit 120. It has to be understood that
the number of reactors required for treatment of fluid, will be a function of the dosage that must
be applied to the concentration of microorganisms to be destroyed. Moreover, the design may be
optimized with respect to other process steps and with respect to the working conditions that are
being used.

[0066] In another embodiment, a unit could potentially comprise 1, 2, 3, 4, 5, or even more
reactors. Likewise, it is possible to have more than one unit depending on the extent of the
treatment required by the fluid. Accordingly, multiple reactors and/or multiple units could be
installed to achieve the objectives of disinfection. The actual configuration of the reactors in each
unit may also vary and is typically left to the discretion of the client, depending on specifications
and constraints such as the available footprint.

[0067] Each reactor of the unit 120 are electrically powered with a power supply system 130
providing a continuous current 134. The power supply system may be controlled by a control panel

130, including a Programmable Logic Controller (PLC) and a Human Machine Interface (HMI).

10
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[0068] As illustrated on Figure 1, the first reactor 110 is fed with the influent 122 to be treated via
an inlet 124 located at the bottom of the reactor. The influent exits the reactor via an outlet 126
located at the top of the reactor 110 before entering via the inlet 124 of the second reactor 112. As
shown on Figure 2B, the reactors 110 — 112 are connected with flexible tubes 125. The same
influent connections repeat with the third and fourth reactors (114, 116) before exiting the fourth
reactor 116 via the outlet 126. A valve 128 at the exit of the unit120 can be turned off if necessary.
Each reactor has a valve 118 connected to the inlet 124 to purge the reactor when needed.

[0069] Now referring to Figures 2, 3 and 4, the exterior of an electrolysis reactor is shown. Internal
conceptions of the reactors are as those presented in the Applicants’ patent application published
as US 2014/0027271 A1 or US 2015/0251932 Al.

[0070] According to an embodiment to the present invention, the system may also comprise two
high temperature switches 140, one at the top and one at the bottom of the reactor, generally used
to prevent overheating of the electrolysis reactors 110 in no-flow or in low-flow conditions. The
high temperature switches are generally connected to a security relay installed in the control panel
130. In the event that one of the high temperature switches is activated due to a rise in temperature
in the reactor beyond a pre-defined temperature setting, the security relay shall turn off the system
and the corresponding DC power supply in order to prevent the overheating of the reactor.

[0071] Still referring to Figures 3 and 4, the reactor is fed from an inlet 124 preferably located at
the bottom of the reactor. The effluent may exist the reactor 110 via an outlet 126 preferably
located at the top of the reactor. As illustrated on Figure 5, the reactor may be adapted to provide
turbulent or transition type of flow rate in order to ensure a continuous cleaning of the anode(s)
and cathode(s) (see also US2015/0251932 A1 cited above for more details). When quick-loading
electrode cartridges are use, the reactor 110 further comprises quick-tightening bolts 170 to secure
the loading top of the reactor.

[0072] Now referring to Figure 5, the interior of an electrolysis reactor 110 according to another
preferred embodiment is shown. Above the inlet port 124 at the bottom of the reactor 110 is
generally a flow dispersion chamber 115 that helps distributing the rising flow in an evenly fashion
throughout the cross-sectional area 117 between the anode(s) 119 and the cathode(s) 121-123. The
external cathode 123 can extend from the external wall of the reactor 125 or being the wall itself.
Such a configuration is desired to make sure the fluid is forced through the reactive areas. As such,
the only way for the fluid to make its way out of the reactor is by passing through the reactive zone

of the reactor, also named electrolytic chamber 127, thereby being subjected to the electrolysis
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reaction. In such a configuration, no bypass is possible. Consequently, this configuration ensures
that all the fluid is exposed to the electrolysis treatment.

[0073] Now referring to Figure 6, a cartridge 600 of six DAS or BOD anode rods 610 is illustrated.
The rods 610 are generally inserted between an inner cathode 620 and an outer cathode 125
extending from the vertical tubular housing of the reactor (see Figure 5). The gap 630 between
anodes and cathodes where the fluid is allowed to pass and where it serves as a conductor between
the two types of electrodes, allows for the electrolysis treatment to occur. This concentric
arrangement between anodes and cathodes is typical of this electrolysis method.

[0074] The DAS or BDD rods 610 extends from a top and bottom crown members 640-650. The
crown members and rods form the cartridge 600. A nonconductive material 660 can be inserted
between the rods for the sake of security.

[06075] Now referring to Figure 7, it is shown quick-loading electrode replacement cartridges that
can be typically inserted into the body of the reactor having nine (9) rods (A, B and C) or fifteen
(15) rods (D), and in each case a central cathode 720. Anodes and cathode extend from the crown
members 740 or750. Figure 7 (C) shows a crown member 740 having 9 rods extending therefrom
separated by an isolating member 741, whereas Figure 6 (D) shows a crown member 750 having
15 rods extending therefrom separated by an isolating member 751.

[0076] Moreover, electrical connections for the DC power supply to the electrical distribution
rings (one for the cathodes and one for the anodes) are generally made at the top or the reactor,
through a pair of circular holes that are drilled into the water-tight crown (see US 2015/0251932A1
for details). Various instruments may be installed in the system in order to monitor or control
process parameters, such as pH, temperature, conductivity, and turbidity.

[0077] According to an embodiment of the present invention, the design of the reactor may
perform efficiently for treating solutions characterized by a relatively wide range of conductivity
values. Design optimization of the reactor, such as the use of more than one cathode, the use of a
larger useful anode areca, or the use of a tighter inter-electrodes gap can gear the reactor for
treatment in a lower conductivity fluid. The method according to the present invention is therefore
flexible enough to be suited for disinfection in fresh water, brackish water, salt water environment
or any kind of water susceptible to transport bacteria, germs, microalgae or any kind of potentially
lethal microorganisms.

[06078] According to one preferred embodiment of the invention, the apparatus comprises anodes
which are commonly named Dimensionally Stable Anode (or DSA). DSA are generally made of

a metal support (here titanium) on which a conducting coating of iridium dioxide is applied.
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Titanium is generally selected for its excellent corrosion resistance related to chlorides allowing
water disinfection treatment without any material risk of contamination or any substantial loss in
overall product quality.

[06079] The method of electrolysis according to the present invention could be performed in a
single pass or through multiple passes through the unit of reactors. A unit of automated ON/OFF
valves may be used to direct the fluid in a loop so that it effectively passes multiple times through
the unit of reactors until the treatment is completed. The flow rate in the treatment loop and through
the reactors may be controlled to optimize the treatment, and to maintain the optimal flow rate
when performing electrolysis in the reactor. The flow rate in the treatment loop may also be
adjusted by sizing the feed pump accordingly and through the use of an automatically controlled
and modulating valve and the inlet of the feed line. Once the electrolysis treatment is completed,
this modulating valve, as well as the other ON/OFF valves can be controlled to stop the treatment.
[0080] According to an embodiment to the present invention, the method generally uses a flow
control module in order to ensure that a transition or turbulent flow regime is maintained in the
reactor throughout the treatment process. In addition, the type of flow regime will impact the
collision rate in the fluid. The turbulent flow regime will generally promote the collision rate
between different particles thereby increasing the kinetic energy of the fluid during electrolysis,
while allowing cleaning up the surface of the anode(s) and cathode(s) on a continuous basis.
[0081] According to one embodiment, the apparatus for disinfection may also comprise a feed
tank equipped with level sensors and control instruments, a flow meter and an automated and
modulating valve on the feed line, a modular unit of electrolysis reactors fed from the bottom and
each loaded with a quick replacement electrodes cartridge, if needed.

[0082] Table 1 shows the results of domestic water treatment with ECOTHOR™, with DSA
anodes. While Table 2 shows the results with ANO2M anodes. Table 3 is obtained after water
treatment in a cooling tower with ECOTHOR, with DSA anodes. Table 4 is the continuity of Table
3 showing additional results obtained after 30 September 2015 using a pilot installed in a hospital.

[0083] Table 1: results of domestic water treatment with ECOTHOR™, with DSA anodes:

DSA
E. Coli Raw Treated
(UFC/100ml) | (UFC/100ml)
15 sept 15 20000 <10
7oct 15 >60000 27
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[0084] Table 2: the results with ANO2M anodes

ANO2M
E. Coli Raw Treated
(UFC/100ml) (UFC/100ml)
27 July 12 53000 <10
4 Sept. 12 4700000 <10

[0085] Table 3: Results obtained after water treatment in a cooling tower with ECOTHOR,

with DSA anodes:
DSA
Raw Treated Treated Treated
14—-08-15 |4 Sept. 15 15 Sept. 15 30 Sept. 15
(UFC/1L) (UFC/1L) (UFC/1L) (UFC/1L)
Legionella spp. 10000 <3000 <3000 <3000
Legionella <3000 <3000 <3000
preumophila
sérogroupe 1
Legionella <3000 <3000 <3000
pneumophila
sérogroupe 2-15

5  *Detection limit of the method: 3000 UFC/L
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[0086] Table 3: Results obtained after water treatment in a cooling tower with ECOTHOR,
with DSA anodes:

Results
Date pﬁg‘gzg;%a Standard Legionella spp.
(UFC/L) (UFC/L) (UFC/L)
15-10-04 <3000 10000 <3000
15-10-14 <3000 10000 < 3000
15-10-21 <3000 10000 < 3000
15-10-29 <3000 10000 <3000
15-11-03 <3000 10000 <3000
15-11-10 <3000 10000 < 3000
15-11-16 <3000 10000 < 3000
15-11-26 <3000 10000 <3000
15-11-30 <3000 10000 <3000
15-12-08 <3000 10000 < 3000
15-12-15 <3000 10000 < 3000
16-01-04 <3000 10000 <3000
16-01-12 <3000 10000 3000
16-01-19 <3000 10000 < 3000
16-01-25 <3000 10000 < 3000
16-02-01 <3000 10000 <3000
16-02-10 <3000 10000 < 3000
16-02-16 <3000 10000 3000
16-02-23 <3000 10000 <3000
16-02-29 <3000 10000 <3000
16-03-09 <3000 10000 < 3000
16-03-15 <3000 10000 <3000
15
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[0087] Disinfection of wastewater or muds

[0088] The present invention is further directed to a system and a method for the bacterial
disinfection of wastewater, such as wastewater having a dryness of from 0.01 to 3%. The system
is the same as illustrated in the Figures used for the disinfection of water from a cooling tower.
[0089] Wastewater, such as water from industrial, commercial, agricultural or merely domestic
sources contains solid particles. Dryness content (or “siccité” in French) of a mud is the weight
ratio between the weight of solid matter (Ms) contained in the mud and the total wight, ad
expressed in percentage (%):

Ms
Mw+ Ms

*100
[0090] Watewater having a dryness content from up to 10% is defined as a liquid mud. The present
invention is particularly adapted for disinfectin wastewater having a dryness content up to 3%.
[0091] The method comprises at least the steps of:

a) injecting the wastewater into an electrolytic unit comprising at least one

Dimensionnally Stable Anode or DSA; and
b) performing an electrolytic treatment of the wastewater circulating into the
electrolytic unit for at least partially kill bacteria present in the water.

[0092] The invention is also directed to the use of an electrolytic unit as disclosed herein or the
use of a Dimensionnally Stable Anode or DSA for disinfecting an influent of wastewater or mud,
the dryness of which being up to 10%, preferably upt to 5%, more preferably up to 3%, much more
preferably from 0.01 to 3 %.
[0093] While the invention has been described in connection with what is presently considered to
be the most practical and preferred embodiments, it is to be understood that the invention is not to
be limited to the disclosed embodiments and elements, but, to the contrary, is intended to cover
various modifications, combinations of features, equivalent arrangements, and equivalent
clements included within the scope of the appended claims.
[0094] Furthermore, the dimensions of features of various components that may appear on the
drawings are not meant to be limiting, and the size of the components therein can vary from the
size that may be portrayed in the figures herein. Thus, it is intended that the present invention
covers the modifications and variations of the invention, provided they come within the scope of

the appended claims and their equivalents.
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WHAT IS CLAMED IS:

1.  Ancelectrolytic apparatus assembly for the electro-disinfection of water from a cooling tower,

the apparatus comprising:

at least

one vertical electrolytic unit, each unit comprising;:
a vertical tubular reactor having a bottom section and a top section,

an inlet adjacent to the bottom section of the reactor for injecting water to

be treated into the reactor,

an outlet adjacent to the top section of the reactor for extracting the water

from the reactor, and

a plurality of anodes being rods extending longitudinally from the top

section of the reactor inside the reactor,

at least one cathode located inside the reactor the plurality of anodes and
the at least one cathode being configured to be operatively connected to an
electric power supply providing a continuous current to the anodes and the
at least one cathode and cathode(s) to electrolyse the water flowing inside

the reactor for at least partially kill bacteria present in the water,

wherein each anode is a Dimensionally Stable Anode, (DSA), and

a pump unit operatively connected to the inlet for injecting the water to be treated

into the reactor, wherein the pump unit is fluidly connected to the cooling tower in

order to extract and treat water that have previously circulated within the cooling

tower; the outlet of the reactor being fluidly connected to the same cooling tower

for re-injecting the water into the cooling tower after treatment, the electrolytic

apparatus assembly and the cooling tower forming a treatment loop.

2.  The electrolytic

apparatus assembly of claim 1, wherein each DSA anode comprises a

titanium metallic base covered by a conducting layer of iridium dioxide.

3.  The electrolytic apparatus assembly of any one of claims 1 and 2, wherein:

the vertical electrolytic reactor defines an electrolysation chamber extending from

the top of the reactor and containing the anodes and the at least one cathode
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substantially parallel to a flow of the water created from the bottom to the top of

the reactor when the water is injected into the reactor; and

a flow dispersion chamber located below the electrolysation chamber and in fluid

communication with the inlet.

The electrolytic apparatus assembly of any one of claims 1 to 3, wherein the vertical tubular
reactor is configured to form the cathode, or the cathode extends from an inmer wall of the
vertical tubular reactor.

The electrolytic apparatus assembly of any one of claims 1 to 4, comprising a number M of

anodes, with M being 3, 6, 9, 12 or 15, being rods surrounding a central cathode.

The electrolytic apparatus assembly of claim 5, wherein the rods and the central cathode are
operatively connected to a top crown member to form an electrode cartridge, the crown
member being configured to be operatively connected to the power supply and to seal the
top section of the vertical tubular reactor once the electrode cartridge is inserted into the
reactor, the electrode cartridge being removable from the reactor for the maintenance of the

anodes and cathode.

The electrolytic apparatus assembly of claim 6, wherein the cartridge also comprises a
bottom crown member configured to maintain the anodes and the central cathode that extend
therefrom, the bottom crown member being configured to be inserted inside the vertical

reactor.

The electrolytic apparatus assembly of any one of claims 1 to 7, wherein the power supply
provides a current with an amperage between 10 A and 80 A, corresponding to 6V and 40V

respectively, in order to reduce a treatment time of the water.

The electrolytic apparatus assembly of any one of claims 1 to 8, comprising a number N of
electrolytic vertical units with N > 2, and disposed in a parallel configuration to form a
modular unit of N reactors, the outlet of the (N-1)® electrolytic unit being fluidly connected
to the inlet of the N* electrolytic unit, the number N being selected in accordance with a

volume of water to be treated.
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10.

11.

12.

13.

14.

15.

16.

17.

The electrolytic apparatus of any one of claims 1 to 9, wherein the water contains Legionella

and/or E. coli bacteria.

The electrolytic apparatus assembly of any one of claims 1 to 10, further comprising a flow

control module for maintaining a transition or turbulent flow regime in the reactor.

The electrolytic apparatus assembly of claim 11, wherein the flow control module is
configured to control the flow regime in the treatment loop and through the at least one
vertical electrolytic unit in order to optimize the water treatment, and to maintain an optimal

flow rate when performing electrolysis in the reactor.

The electrolytic apparatus assembly of any one of claims 1 to 12, wherein the pump unit is
configured to be modified in size in order to adjust a flow rate in the treatment loop, and

through an automatically controlled and modulating valve operatively connected to the inlet.

The electrolytic apparatus assembly of any one of claims 1 to 13, further comprising a unit
of automated ON/OFF valves for directing the water in the treatment loop so that the water
effectively passes multiple times through the at least one vertical electrolytic unit, until the

treatment is completed.

A method for the electro-disinfection of water extracted from a cooling tower containing
bacteria, the method comprising the steps of:
injecting the water to be treated into the electrolytic apparatus assembly as defined
in any one of claims 1 to 14, the water having previously circulated in the cooling
tower prior to be injected into the electrolytic apparatus assembly;
performing an electrolytic treatment of the water circulating into the electrolytic
unit assembly for at least partially kill the bacteria; and

optionally, re-injecting the water once treated into the cooling tower.

The method of claim 15, wherein the bacteria are Legionella and/or E. coli.

A method for the electro-disinfection of water extracted from a cooling tower containing

bacteria comprising:

injecting the water extracted from the cooling tower into an electrolytic apparatus
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assembly comprising:
at least one vertical electrolytic unit, each unit comprising:

a vertical tubular reactor having a bottom section and a top section, an inlet
adjacent to the bottom section of the reactor for injecting water to be treated

into the reactor,

an outlet adjacent to the top section of the reactor for extracting the water from
the reactor, the outlet of the reactor being fluidly connected to the cooling tower

for re-injecting the water into the cooling tower after treatment, and

at least one anode and at least one cathode located inside the reactor and
configured to be operatively connected to an electric power supply providing a
continuous current to the anode(s) and cathode(s) to electrolyse the water
flowing inside the reactor for at least partially kill bacteria present in the water;

and

a pump unit operatively connected to the inlet and the cooling tower for extracting
from the cooling tower the water to be treated which have previously circulated

within the cooling tower, and for injecting the water to be treated into the reactor,
wherein:
each anode is a Dimensionally Stable Anode (DSA);

the vertical tubular reactor is configured to form a second tubular cathode, or a

second cathode extends from an inner wall of the vertical tubular reactor; and

the vertical tubular reactor comprises a number M of anodes with M being 3, 6, 9,

12 or 15, being rods swrrounding a central cathode;

performing an electrolytic treatment of the water circulating into the electrolytic unit

assembly for at least partially kill the bacteria; and

re-injecting the water once treated into the cooling tower, the electrolytic apparatus

assembly and the cooling tower forming a treatment loop.

18. The method of claim 17, wherein each anode is a DSA comprising a titanium metallic base

covered by a conducting layer of iridium dioxide.

19.  The method of claim 17 or 18, wherein:
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20.

21.

22.

23.

24.

the vertical electrolytic reactor defines an electrolytic chamber extending from the top of
the reactor and containing the anode(s) and cathode(s) substantially parallel to a flow of
the water created from the bottom to the top of the reactor when the water is injected into

the reactor; and

a flow dispersion chamber located below the electrolytic chamber and in fluid

communication with the inlet.

The method of any one of claims 17 to 19, wherein the rods and the central cathode are
operatively connected to a top crown member to form an electrode cartridge, the crown
member being configured to be operatively connected to the power supply and to scal the
top section of the vertical tubular reactor once the electrode cartridge is inserted into the
reactor, the electrode cartridge being removable from the reactor for the maintenance of the

anodes and cathode.

The method of claim 20, wherein the cartridge also comprises a bottom crown member
configured to maintain the rods and the central cathode that extend therefrom, the bottom

crown member being configured to be inserted inside the vertical reactor.

The method of any one of claims 17 to 21, wherein the electrolytic apparatus assembly
comprises a number N of electrolytic vertical units with N > 2, and disposed in a parallel
configuration to form a modular unit of N reactors, the outlet of the (N-1)* electrolytic unit
being fluidly connected to the inlet of the N electrolytic unit, the number N being selected

in accordance with a volume of water to be treated.

The method of any one of claims 17 to 22, wherein the method further comprises the step of

controlling a flow rate in the treatment loop for optimizing the electro-disinfection treatment.

The method of any one of claims 17 to 23, wherein the bacteria are Legionella and/or E. coli.
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