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This invention relates to the field of chemical
electrolysis, and in particular the electrolytic
treatment of weak brine for the production of pH-
neutral solutions to be used in the disinfection of
watef and surfaces.

Tt is known that the production of disinfectant
solutions céntaining chlorine, through the electrolytic
treatment within cells, whose anode and cathode
chambers are separated by a“ dividing wall, a membrane,
or an ion-selective diaphragm.

These solutions are often regenerated in various

. concentrations from aqueous brine solutions and are

applied in the disinfection of drinking water and
surfaces. For this purpose, various electrolytic-cell
and process-parameter systems are used. The systems are
essentially distinguished by the presence of round
cells or flat cells.

Unlike industrial electrolysis in the production

of chlorine gas (and the resulting application in large

industries) and the production of  hypochlorite
solutions that = once they have been necessarily
stabilised with alkalis - are available on the market

in canisters, these systems are often incorporated into
small pipe networks in the scope of certain projects to
meet particular requirements, that is, specifications
and characteristics of the product of the electrolysis.

The excellent biocidal and fungicidal

characteristics of these products, as well as their
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effectiveness in the modern fight against contamination
risks - particularly in the field of drinking water and
public hygiene - are sufficiently documented in
specialist publications. In this‘context, it should be
especially pointed out that a solution produced through
membrane cells, whiqh is immediately available, has
disinfectant specifications greater than two
logarithmic powers compared to the hypochlorite
solutions on the market, which have an identical

active-chlorine content.

Evaluation of the state of the art

Various producers of devices use tubular cells
from Russia, as illustrated in the description of
patent DE 69609841. However, these cells have the
disadvantage that their performance is linked to their
dimensions, which makes it necessary to use more
elements to enhance performance, which then leads to
problems of compatibility and technological
difficulties during installation. Furthermore, there
are various types of the aforementioned flat cells
(e.g. DE 7110972 U - device for the production of
bleach through the electrolysis of an aqueous solution)
that, i1f large volumes are being subjected to
treatment, can be enhanced and therefore increase
performance; however, the product of the electrolysis
does not obtain the desired quality. In particular, it
does not obtain the chemical characteristics necessary
to ensure that treatment of the water pipes is free of

the effects of corrosion.

It can therefore be concluded that the devices and

the procedures currently available on the market have
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the following disadvantages:

to increase treatment capacity, it is necessary to
link various conventional éells, and this leads to
significant disadvantages of construction and
production to the extent that the hydraulic
connections of these devices produced in the-
Russian Federation do not meet European and
International standards;

the flat cells available on the market produce a
single product, the acidic properties of which
have caused substantial corrosion damage with a
strong economic impact when used, for example, in
disinfection;

currently, production of the neutral and
electrochemically activated solution is still only
possible by mixing the parts obtained from the
electrochemical process of separation, that is the
mixing of the acid component and the alkaline
component but which does, however, 1lead to a

substantial drop in the disinfecting effect.

Description of the invention

The primary‘ﬁhrpose of this invention is to create

a block of electrolytic cells to satisfy whatever is

required for the production of an economically

effective and efficient disinfectant solution that is

pH neutral and therefore environmentally friendly.

Another purpose of the invention is to meet the

requirement of enabling industrial reproducibility at

small sizes and to guarantee simple maintenance and

easy assembly in strict compliance with the process
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parameters.

These purposes are achieved by developing and
integrating, in a single block of reactors, a specific
flow chart consisting of a precise sequence of the
cathode and anode treatment of the initial solution, as
well as the essential discharge of the gases produced
during the process.

Advantages of the invention

As confirmed by the tests carried out, this
invention fills the following functions and obtains the
following important advantages:

— the integration of a specific flow chart in a single
cell block provides important technological
advantages owing to  hydraulic impermeability,
reliable operation, monitoring of the process, as
well as advantages in assessing the profitability of
the cell-block production process that can now be
manufactured with a licence in medium-sized
establishments;

— precise controllability of degassing and therefore,
the pH value of the product subject to electrolysis;
optimal potential redox values are therefore
obtained without causing effects of corrosion;

— (greater effectiveness of the pH-neutral solution
compared to traditional electrolytic solutions;

— little chloride residue in the final solution, and
therefore optimal use of the salt solution;

— the use of flat electrodes and rectangular sections
in the reaction chambers enables higher constancy of
the force lines and therefore greater homogeneity of

the product of electrolysis;
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— the use of high-quality alloys reduces wear of the
electrodes to a minimum;

— strength of the materials used;

— the block is resistant to impacts (important for
mobile devices);

— easy to assemble and disassemble.

The description of the invention will be better
understood by referring to the appended design tables
that illustrate solely by way of example a preferred
form of realisation. In the drawings:

figure 1 is a reduced-scale isometric view of a
membrane electrolytic-reactors block with four chambers
according to the invention;

fig. 1A is an exploded view of the reactors block
of fig. 1, which shows the specific details relating to
the two halves of the block;

figures 2 and 3 are vertical cross-section views
of the two respective halves of the block.

figures 4 and 5 are cross-section views according
to the general outlines A-A’ and B-B’ of figure 2.

With regard to the figures, the membrane
electrolytic-reactors block with four chambers,
according to the invention, has the appearance of a
parallelepiped box made up of two halves 5 and 6 that
are mounted one on top of the other to respectively
form the cathode-side bottom and the anode-side top of
an electrolytic reactor. On half 5 there are cathode
chambers 7 and 8, while in half 6 there are anode
chambers 9 and 10. Between cathode chambers 7 and 8 and
anode chambers 9 and 10 two semi-chambers 11 are

interpositioned, which, when halves 5 and 6 are
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coupled, form a degassing chamber 11. Two selective
film membranes are indicated by 12 for cation exchange.
The two anode-side electrodes are indicated by 15 and
the two cathode-side electrodes are indicated by 16. In
the space between each electrode 15 and 16, and
membrane 12, respectively, a vortexer and spacer wall
14 is positioned. Fig.la illustrates by way of example,
the reciprocal position of membrane 12, electrodes 15
and 16, and the spacer tissues 14, in relation to the
first cathode chamber 7.

In fig. 2 the seals of the chambers are indicated
by 17, the seals of the connecting components are
indicated by 18, the seals of the membranes are
indicated by 19, and the seals of the electrodes are
indicated by 20.

The electric power sﬁpply is provided by a network
transformer 21 suitably built and configured.

Brief summary of the invention

The completely demineralised inlet water saturated
with a concentration of 0.4% high-purity salt is
conducted in equal parts through the inlet opening 1 of
the reactor block, into the cathode chambers 7 and 8
separated from the anode chambers 9 and 10 by the
cationic-exchange selective membrane 12, and vortexed
to homogeneity by means of a tissue spacer wall 14
mounted in the chambers on both sides of the membrane;
the water is then passed from the cathode-side
electrodes 16 and, after being discharged from channel
2, it is conducted into the degassing chamber 11. 2
certain amount (normally 10-20%) of the treated

solution including the gases formed during the
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reaction, is discharged by means of the adjustable
outlet 2a. The main residual flow is conveyed from the
lower outlet of the degassing chamber 11 first into
anode chamber 9 or then into anode chamber 10 if it is
it is uniformly subjected to the effect of the
electrical voltage created by the anode-side electrodes
through the spacer wall 14, which can then be removed
as a finished product at outlet 4a.

Description of the invention

The designs, further details, and the
corresponding effects are described in detail below:

The inflowing water, which is of a certain
quality, that is drinking quality, is saturated with
about 4 g/l of salt, and is conveyed in certain amounts
— to be established according to the réactor dimensions
- to inlet 1 on half 5 of the reactor block whose
opening is fitted with an internal thread of 1/4" and
hence enables the connection of standard tubes in
suitable materials.

Following the above-described inflow into the
reactor, the processing liquid, that is, the water that
is completely demineralised and saturated with a small
addition of pure salt, - referred to as weak brine - is
subjected to the initial electrolytic process, that is,
the cathode treatment carried out simultaneously in the
cathode chambers 7 and 8. To this end, the weak brine
will first pass through the inlet channel 1, which is
an opening (the diameter of which, for information
purposes, is 11.5 mm) which starts downstream of the
inlet and passes transversally along the bottom of half

5 of the reactor, and is then injected simultaneously
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into two cathode chambers 7 and 8 passing from the
respective inlet openings 13 connected to the same
inlet channel 1. An advantage is provided by the fact
that this inlet channel 1 is mechanically machined in
the housing of half 5 of the reactor block, which, on
the opposite side is closed, in line with the outlet of
the reactor box, with a plug. The inlet openings 13
(which, for information purposes, have a diameter of
2.5 mm) are calculated so as to enable equal
distribution of the main flow between the two chambers
7 and 8.

In a preferred form of realisation, the inflowing
amount of the weak brine to be subjected to treatment
is 100 1/h resulting from the relationship between all
the parameters affecting the production process, such
as the flow, the salt load, amperage, the size of the
reaction chambers, the shape and distance of the
vortexing and spacer tissues and of the membranes. For
upsizing or power reduction, the size ratio of the
implementation is determined proportionally; in-depth
tests carried out on prototypes demonstrated that the
following device sizes turned out to be suitable: 50
1/h, 100 1/h, 150 1/h, 300 1/h 600 1/h, and 1000 1/h.

After inflow into the two reaction chambers 7 and
8 on the cathode-side, which are, as previously
mentioned, separated from those of 9 and 10 on the
anode side by a membrane 12, the process liquid is
conveyed to the upper outlet openings 13a of the
chambers through the previously mentioned vortexing and
spacer tissue wall 14, which is positioned in the space

between electrode 16 and membrane 12.
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At this point, the process liquid is conveyed from
the outlet openings 13a in the outlet channel 2 of the
by-product. Like inlet channel 1, this outlet channel
consists of a continuously drilled hole through the
upper part or the~top of half 5 of the reactor, the
ends of which are, however, closed off with prlugs. The
outlet valve 2a is located halfway through the drilled
hole.

This outlet valve 2a is adjustable and is used, as
described hereunder, for degassing during the
production process and to discharge the alkaline by-
product of the electrochemical treatment, which can
then be used for cleaning purposes.

The vortexing and spacer tissue wall 14 enables
the weak brine to pass homogeneously between electrodes
15 and 16. The result is that in the reaction chambers
the electrical field will be created in a homogeneous
manner thus guaranteeing the quality of the product and
long life of the electrodes.

The product, which has become very alkaline as a
result of electrolytic activation, is conveyedlthrough
an opening ‘joining chahnel 2, 1into a part of the
degassing chamber 11; by adjusting the outlet valve 2a
in the other part, it is possible to discharge the gas,
together with a small part of the initial alkaline
product (about 10-20%), which rises to the degassing
chamber and which is formed in this initial phase of
electrolytic treatment. In the lower part of the
degassing chamber 11, a further passage identical to
the upper connection between chamber 11 and outlet

chamber 2 of the by-product. The 1liquid from the
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degassing process passes (see fig. 1la) through this
passage 4 and is then conveyed to the second anode
chamber 9 passing through the aforementioned inlet
openings 13 of the chambers on the anode side. At this
point, channel 4 is closed off in the centre and split
into two segments.

After this initial anode treatment, the activated
solution is subjected to a second treatment, which is
applied by passage from the second chamber 9 of the
anode side to the first chamber 10 of the same anode
side, in the direction of the arrows in fig. la. At
this point, the passage marked by a 3 takes an
identical form to the other drilled holes 1, 2, and 4,
but the ends are closed with appropriate plugs.

From chamber 10, the finished product, that is,
the pH-neutral solution that is electrochemically
activated and intended for disinfecting purposes, is
removed from the outlet marked by 4a for immediate use.
Outlet 4a also has internal threading enabling the
connection of standard tubes of suitable materials. In
the illustrated preferred form of realisation, this
internal thread is %",

As has been previously mentioned, the reactor box
is made up of halves marked by 5 and 6, which are
mounted one on top of the other. For the final
prototype, the material PP (polypropylene) was used
because of its high durability, and all the chambers,
openings, and channels were milled or bored. However,
in experiments, other comparable materials such as PE
(high-density polyethylene) also showed satisfactory

results with respect to lifetime or the tools necessary

10
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for milling. A further production method is die-
casting, which is ideal for manufacturing in medium-
sized industrial businesses.

The electrodes used on the anode side 15 are
coated with a layer of titanium - iridium oxides, while
the electrodes on the cathode side 16 are of Hastelloy
22 stainless steel. The maximum current density of the
electrodes is rated at 5.3 KA/m?, the dimensions of the
electrode surfaces is calculated proportionally; that
is to say, for a cell with a flow capacity of 100 1, a
surface area of 7701 mm? is used both for the anode and
cathode sides.

The membranes 12 of the electrolytic reactors
block that are the subject of this invention are
referred to as ‘selective film membranes for cationic
exchange' with a thickness, for information, of 140-
150pm. These members can be defined as ‘intelligent’
since they do not have a particular anode and cathode
side and therefore have reversible directions of use.
In the prototypes, films were fitted that provided the
advantage of a greater pressure gap compafed to ceramic
membranes, particularly they are supported by the
spacer tissue 14. This tissue 14 consists of a
synthetic wavy thread with a diameter of 0.5 mm, which
forms a grid of rhomboidal shapes and which
significantly influences the fluid-dynamic conditions
of the reactor chamber and therefore the quality of the
electrolysis product.

The network transformers 21, which supply
electricity to the cell block, are used to regulate the

amperage. These are also equipped with autcnomous

11
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cooling, they rectify the electric current with a
telerance of 1%, and have a nominal residual time value
of 1%. They therefore have characteristics that, in
conjunction with the cell construction principles and
in compliance with the process parameters and the
quality of the process liquid, guarantee that the
characteristics of the required electrolysis product
are obtained.

A prototype of the described electrolytic reactor
has been operating under the following conditions: 100
1/h flow capacity of completely demineralised water
saturated with 4 g/1 of high-purity salt, amperage 50 A
with 24V, and 15% deviation on the cathode side.
Reproducible result of the product characteristics: 350
ppm active chloride (measured as Cig), redox potential

800 mvV, pH 6.9.

12
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Claims

1) Membrane electrolytic-reactors with four
chambers with adjustable degassing for .the production
of pPH-neutral disinfectant-solution products,
electrochemically activated by weak brine for use in
the disinfection of drinking water and surfaces,
characterised by the fact that it is made up of two"
halves (5 and 6), which are coupled together to form
the bottom cathode side and the top anode side
respectively, of an electrolytic reactor, with cathode
chambers (7 and 8) being machined into half 5, and
anode chambers (9 and 10) being machined into half 6,
and with two semi-chambers (11) being interpositioned
between these cathode chambers (7 and 8) and anode
chambers (9 and 10) on each side of the reactor, which
form a degassing chamber (11) when the halves are
coupled together; in this condition, each cathode
chamber (7 and 8) is separated from the opposite anode
chamber (10 and 9) by a selective cationic-exchange
membrane (12) placed between the cathode-side

electrodes (16) and anode-side electrodes (15), with a

pair of vortexer and spacer walls (14) being
interpositioned.
2) Membrane electrolytic-reactors with four

chambers as in the preceding claim characterised by the
fact that the weak brine injected at the reactor-block
inlet (1) is subject to a single cathode.
electrochemical process and a duplicated anode
electrochemical process with adjustable intermittent

degassing in the degassing chamber (11) with an outlet

13
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(2a) fitted with a control valve or tap.

3) Membrane electrolytic-reactors with  four
chambers as in the preceding claims characterised by
the fact that all the necessary hydraulic connections
of the reaction chambers (7, 8) and (9, 10) and the
degassing chamber (11) are couplings mechanically
constituted by channels and bored holes (1, 2, 3, 4,
13, and 13a) in the housing of the two halves (5, 6) of
the reactor block.

4) Membrane electrolytic-reactors with four
chambers as in the preceding claims characterised by
the fact that all the chambers, openings, and channels
can be machined either by milling in polyethylene or
polypropylene blocks, or by die-casting.

5) Membrane electrolytic-reactors with four
chambers as in the preceding claims characterised by

the fact that the pH value of the electrolysis product

is adjustable through the application of the flow chart

and regulation of the degassing valve.

6) Membrane electrolytic-reactors with four
chambers as in claim 1 characterised by the fact that
the electrodes on the anode side have a titanium -
iridium oxide coating.

7) Membrane electrolytic-reactors with four
chambers as in claim 1 characterised by the fact that
the electrodes on the cathode side are composed of
Hastelloy C 22 stainless steel.

8) Membrane electrolytic-reactors with four
chambers as in claim 1 characterised by the fact that
the electrodes on the selective membrane separating the

anode chambers and the cathode chambers is a selective

14
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cationic-exchaﬁge film membrane.

9) Membrane eleétrolytic—reactors with four
chambers as in claim 1 characterised by the fact that
the process liquid is conveyed to the outlet opening
(13) through the spacer and vortexer wall (14) so that
it passes homogeneously between the electrodes (15, 16)
and in the reaction chambers a homogeneous electrical
field is produced.

10) Membrane electrolytic-reactors with four
chambers as in claim 1 characterised by the fact that a
network transformer (21) is used.

11) Membrane electrolytic-reactors with  four
chambers as in claim 1 characterised by the fact that
shutting mechanisms are fitted to prevent unauthorised
opening of the reactor block.

12) Membrane electrolytic-reactors with four

chambers as described in detail and illustrated in the

attached drawings.

15
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