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Abstract

The invention relates to integrated technologies for water treatment, purification, regen-
eration, and preparation for recirculation within the infrastructure of smart homes and smart
mobile homes. The proposed technology is based on a set of autonomous modular units that
can be combined in various configurations depending on the operating conditions and the
required water treatment objectives.

The integrated system comprises an inlet water treatment module, ion-exchange treatment
modules, electrochemical reactor modules with metallic and composite electrode cells operating
in single-flow and dual upward-flow configurations, mechanical filtration modules, and final
sedimentation modules. The inlet and final treatment modules incorporate foam generation
systems, sedimentation systems for foam-separated contaminants, oxygen saturation systems,
microbubble and nanobubble aeration systems, and non-contact water quality monitoring
devices based on electromagnetic resonance spectroscopy.

The ion-exchange module utilizes sectional columns containing encapsulated synthetic,
natural, and biological ion-exchange materials and is equipped with pumps, flow sensors, pres-
sure gauges, check valves, and control valves. The electrochemical treatment modules include
electrochemical reactors, power supply units, processor-based control systems, and non-con-
tact real-time acidity monitoring sensors, providing efficient treatment of water and aqueous
solutions, including radioactive water.
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The proposed modular architecture enables flexible integration of individual treatment
technologies into a unified multifunctional water regeneration complex. Each module possesses
independent technical novelty while simultaneously providing synergistic performance when
operating as part of the integrated system. The invention ensures comprehensive purification,
regeneration, and preparation of used water for reuse without the application of chemical
reagents, improving treatment efficiency, process reliability, environmental safety, and adapt-
ability to modern smart infrastructure
Keywords: Module; Water regeneration module; Fundamental modules and core
operations of an integrated water purification and regeneration technology for smart home
water treatment infrastructure; Chemical-free water regeneration process; Integrated
multifunctional water regeneration process; Processor-based control and monitoring system
with non-contact real-time pH sensors; Dual upward-flow electrochemical reactor module

with metallic electrode cells

Introduction:

Integrated comprehensive module
for water purification and regenera-
tion within a smart home infrastruc-
ture system.

The ion-exchange module utilizes sec-
tional columns containing encapsulated syn-
thetic, natural, and biological ion-exchange
materials and is equipped with pumps, flow
sensors, pressure gauges, check valves, and
control valves. The electrochemical treatment
modules include electrochemical reactors,
power supply units, processor-based control
systems, and non-contact real-time acidity
monitoring sensors, providing efficient treat-

ment of water and aqueous solutions, includ-
ing radioactive water. The proposed modular
architecture enables flexible integration of
individual treatment technologies into a uni-
fied multifunctional water regeneration com-
plex. Each module possesses independent
technical novelty while simultaneously pro-
viding synergistic performance when operat-
ing as part of the integrated system. The in-
vention ensures comprehensive purification,
regeneration, and preparation of used water
for reuse without the application of chemi-
cal reagents, improving treatment efficiency,
process reliability, environmental safety, and
adaptability to modern smart infrastructure.

Figure 1.
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Figure 2.

§

—

Integrated comprehensive water
regeneration module with preparation
for recirculation

The entire water regeneration process is
carried out without the use of chemical re-
agents.

The integrated comprehensive multi-
functional process for the regeneration of
water used at a single facility comprises the
following systems:

» Inlet sedimentation without addition-

al treatment;
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+ Foam treatment with separation of
sediment fractions and organic con-
taminants;

» Separation of the foamed contami-
nant complex from contaminant-free
liquid;

+ Secondary aeration of the separated
water with dissolution of oxygen to
the level of complete saturation;

« Comprehensive treatment of water in
an electrochemical reactor operating
according to a multifunctional pro-
cess, including pH adjustment, disin-
fection, dosing of coagulants or floc-
culants, and restoration of the water
streams to a common pH level;

+ Sedimentation within the discharge
flow of water containing coagulants
or flocculants;

+ Repeated multifunctional treatment
of the water stream from the sedimen-
tation tank containing coagulants or
flocculants according to the following
final process: pH adjustment, disin-
fection, and restoration of the entire
treated water stream to the specified
common pH level;

 Final sedimentation of all water treat-
ed in the second electrochemical re-
actor;

+ Treatment in ion-exchange columns,
including sections filled with natural
granular zeolite instead of synthetic
ion-exchange resin;

« Treatment in automated self-clean-
ing mechanical filters or membrane
filters;

» Final aeration using an aerodynamic
vortex foam generator with dissolu-
tion of oxygen to the level of complete
saturation.

The diagram illustrates:

1. Inlet sedimentation tank for the ac-
cumulated sediment, including sediment
removal functions and transfer of sedi-
ment-free water to the subsequent treatment
stage;

2. Sedimentation section of tank 1;

3. Sediment-free water collection section
of tank 1;

4. Pump for transferring sediment-free
water to subsequent treatment stages;
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5. System for removal of water containing
accumulated sediment;

6. Aerodynamic vortex foam generator;

7. Compressor supplying three aerody-
namic vortex foam generators;

8. Column for vortex foaming of sedi-
ment-free water;

9. Column receiving foam discharged
from the upper section of column 8, intend-
ed for aerodynamic vortex foaming of sedi-
ment-free water;

10. Column for vortex foaming, aeration,
and dissolution of oxygen in the treated wa-
ter to the level of complete saturation;

11. Contaminant discharge from column
9 receiving foam from the upper section of
column 8;

12. Intermediate aerodynamic vortex
foam generator;

13. Pump supplying water, after treat-
ment in column 10 with maximum air con-
tent and oxygen dissolved to complete satu-
ration, to the electrochemical cells of the first
electrochemical reactor in the direction of
water flow.

The proposed technology integrates
multiple water treatment processes into
a single comprehensive regeneration sys-
tem, ensuring efficient removal of suspend-
ed solids, organic contaminants, microor-
ganisms, and dissolved impurities. The
sequential combination of sedimentation,
electrochemical treatment, ion-exchange
purification, filtration, and final aeration
provides a high level of treatment efficien-
cy while maintaining stable water quality
throughout the process. A significant ad-
vantage of the system is its reagent-free
operation, which minimizes the use of
chemicals, reduces secondary waste gen-
eration, and lowers environmental impact.
The incorporation of natural granular ze-
olite as an ion-exchange material further
enhances the sustainability and economic
efficiency of the technology by reducing de-
pendence on synthetic resins. Owing to its
modular design and integrated multifunc-
tional approach, the system can be adapted
for a wide range of industrial and munic-
ipal water treatment applications requir-
ing reliable, environmentally friendly, and
cost-effective water regeneration.
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