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Abstract. This study explores a method for hydrogen
production via the chemical dissolution of aluminum alloy
AKY7 in alkaline solutions with NaF and NaCl activators. The
optimized  electrolyte  composition and  activator
concentrations significantly enhance the aluminum disso-
lution rate, leading to efficient hydrogen evolution. The
proposed method offers advantages in sustainability,
economic efficiency, and minimal environmental impact. A
comprehensive analysis of the kinetic parameters was
conducted, establishing optimal process conditions. The
developed technological scheme can be integrated into
emergency power supply systems for water supply facilities,
providing several hours of autonomous operation of water
supply equipment under emergency and extreme conditions.

Keywords: hydrogen production, aluminum alloy AK7,
alkaline solution, NaF activators, NaCl activators, critical
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1. Introduction

Nowadays, the problem of ensuring energy
independence for critical infrastructure such as water
supply, sewage, and heating systems is one of the key ones
in the context of extreme conditions, including military
conflicts and environmental disasters. These systems are
critically important for the sustainable development of
cities and people’s safe and comfortable lives.!® Energy
dependence makes them vulnerable in the absence of a
stable electricity supply, which may occur due to damage to
infrastructure, blockades, interruptions in the supply of
energy resources, or the consequences of natural disasters,
such as floods, earthquakes, or hurricanes. Especially the
water supply system, where water should follow three
criteria: to reach the consumer in the required quantity, the

required quality, and under the required pressure. The
phrase “required quality” is understood as the quality
indicators of water should be adequate for the requirements
established for drinking water and be safe for human
consumption.” Thus, according to the report of the UN
Human Rights Monitoring Mission in Ukraine,’ due to
attacks on energy infrastructure facilities, residents of some
cities remained for a long time without access to safe
drinking water. For example, in 2022, the drinking water
supply system in the city of Mykolaiv was destroyed. As a
result, people were forced to get water from pump rooms or
temporary distribution points. In 2024, after attacks on
energy facilities, the pumping stations at these points
stopped working correctly due to a lack of electricity. This
caused water shortages, which caused people to stand in
long queues to collect the minimum amount of water for
their drinking needs.?

The main challenges of water infrastructure energy
supply include:

— vulnerability to power outages. In military
conditions, power supply is often disrupted due to the
destruction of power networks, targeted attacks on
infrastructure facilities, or blocking access to energy
resources. During environmental disasters, such as storms
or floods, large-scale damage to power networks is
possible, leading to long-term outages;

— risks of secondary disasters. Disruptions in the
operation of pumping stations can cause flooding or a
decrease in water quality, and malfunctions in treatment
facilities threaten the spread of infectious diseases due to
contamination of water bodies;

— high energy consumption of water treatment
processes. Water treatment and supplying technologies
require significant energy, which creates dependence on
external suppliers, especially in increased loads during
emergencies.
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Effective and long-term backup power sources are
needed to support the operation of water infrastructure
facilities in emergencies. These can be:

1. Renewable energy sources:

— solar energy. Installing solar panels near water
supply facilities provides part of their energy needs. The
disadvantages of this solution are that effective operation
depends on weather conditions, high initial equipment
costs, and the need for large areas for installing panels;

— wind energy. The use of wind turbines is
effective in places with strong, constant winds.
Disadvantages include dependence on wind conditions,
high maintenance costs, impact on the landscape, and
possible environmental risks;

— hydropower. Small-scale hydroelectric power
plants can power facilitiecs near water flows, but
geographical conditions and potential impact on the river
ecosystem limit this solution.

2. Battery energy storage systems. They
accumulate excess energy from renewable sources and
work during peak load or power outages. The
disadvantages include the limited service life of batteries,
the high cost of installation and maintenance, and the
regular disposal of used batteries.

3. Traditional backup generators. Backup generators
running on diesel or gas fuel provide an operational power
supply during outages. Although the use of such a solution
is quite widespread, it cannot be attributed as the best
option from an environmental point of view. High carbon
dioxide emissions, dependence on fuel supply, noise
pollution, and significant operating costs worsen the
environmental situation in their locations.

Modermn development in the energy sector
necessitates using environmentally safe energy sources,
among which hydrogen energy is significant.” ' Much
scientific and technical research is currently dedicated to
synthesizing  hydrogen as an  alternative and
environmentally friendly fuel with high energy
performance.’ The main volumes of hydrogen are obtained
through the high-temperature conversion of natural gas and
coal. However, this method requires additional purification
from impurities and has high industrial costs, exceeding
natural gas’s cost by 8-10 times.

Using traditional carbon fuel resources leads to
negative environmental consequences, such as emissions of
toxic substances into the atmosphere, which stimulates the
search for new, safe, and economically advantageous
energy sources.>’ Among the alternative methods for
hydrogen synthesis, chemical-thermal cycles stand out,
allowing hydrogen production through the interaction of
certain metals with aqueous solutions. However, modern
methods of hydrogen synthesis are characterized by high
production costs and unsatisfactory environmental
consequences, limiting the development of hydrogen
energy.!!
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To reduce energy and economic costs, new
methods of hydrogen synthesis, such as biocatalytic
systems, are proposed, but their implementation requires a
long time. One promising direction is the dissolution of
aluminum or its alloys in alkaline solutions with the
subsequent release of hydrogen. Using aluminum alloys
can reduce the cost of hydrogen and produce an
environmentally friendly energy carrier.'>'> Due to the
large volumes of aluminum production and developed
infrastructure, aluminum alloys and waste can
significantly lower synthesized hydrogen costs.’

Particular attention should be paid to the
aluminum-silicon alloy grade AK, widely used in various
industries. The use of waste from this alloy for hydrogen
synthesis can ensure the production of high-purity
hydrogen. The chemical dissolution of aluminum alloys in
alkaline solutions is a simple technological process that
does not require complex equipment. This allows the
creation of a technological scheme that includes a
chemical reactor, a hydrogen purification system, and
storage tanks.>

Aluminum-based hydrogen generation
technologies belong to processes utilizing renewable
materials within a closed-loop resource utilization system.
This cycle includes the chemical interaction of aluminum
with alkaline electrolyte, hydrogen production, and
comprehensive  processing of dissolution reaction
products, returning them as aluminum oxide to aluminum
production. The advantages of using aluminum alloys for
hydrogen generation include their availability, safe
transportation, and storage compared to liquid hydrogen.

Currently, the synthesis of hydrogen through the
dissolution of aluminum-silicon alloys is insufficiently
studied and requires additional research. It is necessary to
investigate the kinetic characteristics of the chemical
interaction of these alloys and determine the technological
indicators for creating a new technological process for
hydrogen synthesis using aluminum alloys of grade AK.*

2. Experimental

2.1. Materials

For hydrogen synthesis, the most readily available
construction aluminum alloy AK7 was used, which
consists of aluminum with a mass fraction of 87.6—
93.6 %. Additionally, the alloy includes the following
impurities: 68 % Si, up to 1.3 % Fe, up to 1.5 % Cu, 0.2—
0.6 % Mn, 0.2-0.5 % Mg, up to 0.5 % Zn, and up to 0.3 %
Ni. 1619

In addition to the AK7 alloy, the following materials
were used in this study: sodium hydroxide (NaOH), which
served as the base component for preparing the alkaline
medium at a concentration of 2.5 mol/dm3, and sodium
fluoride (NaF) and sodium chloride (NaCl), which acted as
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halide activators to accelerate the aluminum dissolution
process, in concentrations ranging from 0.02 to 0.2
mol/dm?. All reagents were of analytical grade and used as
received, without additional purification. Electrolyte
solutions were freshly prepared before each experiment to
ensure reproducibility of results and to minimize the risk of
contamination.

2.2. Methods

The weight indicators of the samples were
determined using the gravimetric method with VLR-200
analytical scales. The average rate of hydrogen release
was experimentally determined using a gas meter and by
recording the specific values of the change in the weight
indicator of the sample, and adjusted to normal conditions.
The rate of hydrogen release was calculated based on the
balance of reaction (1)

2A1+4H,0—2A100H+3H, 1 @)

The experimentally measured average hydrogen
release rate showed good agreement with the theoretical
calculations, confirming that hydrogen is released in a 3:2
molar ratio relative to aluminum, as defined by the overall
reaction. The dissolution rates of the studied samples and
the hydrogen release rates were calculated based on the
dependencies of the specific weight loss AP (g/m?-hour)
and the average hydrogen release rate (cm?/m?-hour).

Previously, we established and substantiated that, as
a result of studies on the effect of concentration on
interaction with an aluminum alloy for hydrogen
production, the use of sodium hydroxide with a
concentration of 2.5 mol/dm* was employed. However, the
data obtained from the studies indicate that the values are
insignificant for hydrogen synthesis on an industrial scale
and require further increase to obtain it in larger quantities.®

The duration of each experiment was limited to 1 h
to investigate the initial stage of the reaction and obtain
clear kinetic data. This time frame was sufficient to
observe stable and reproducible trends in the dissolution
rate of aluminum and the rate of hydrogen evolution.
Extending the duration beyond this point could introduce
additional variables such as significant oxide layer
buildup, changes in electrolyte composition, or sediment
accumulation, which would complicate the interpretation
of the primary kinetic behavior.

2.3. Calculations

Based on the approximation of the obtained data
regarding the study of the interaction of the aluminum
alloy with the alkaline-halide solution, curves
corresponding to polynomial functions were constructed
in the form of equations (Egs. 2 and 3):

AP = 1964.3-x* + 405.3-x — 46.855 (2)
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V. =9484-x* + 201.74-x - 22.275 3)

H

where X is the duration of the study, hours.

The empirical Egs. (2) and (3) were obtained by
approximating the experimental data derived from more
than 16 measurements conducted under varying time
intervals and electrolyte compositions. Standard polynomial
regression was used to fit the experimental values of the
aluminum dissolution rate and hydrogen evolution rate. The
resulting equations showed a high level of accuracy, with a
maximum deviation not exceeding 3.5 % and a coefficient
of determination (R?) greater than 0.98.

The material balance calculation for hydrogen
production from the AK7 alloy was performed using
specific chemical reaction equations. However, the
determination of the amount of hydrogen released was
calculated using reaction (1) and the theoretical values of
the necessary coefficients, based on the stoichiometric
ratios by which the conversion of raw materials into the
target product occurs according to formula (Eq. 4):'8
m(A)-n_-

m(A)-n - AC) (4)
AA-nA

where m(C) is the weight of the product, g; m(4) is the

weight of the initial substance, g; n. is the number of

molecules of product C; 4(C) is the molecular weight of

product C, g/mol; A4 is the atomic mass of the initial

metal, g/mol; n4 is the number of molecules of product A.

It should be noted that the calculations for
hydrogen release based on reaction (Eq.1) and formula
(Eq. 5) should fully coincide.

AG’
N:ﬁ-{ ij~100%, (5)

m(C)=

Eq. (5) is used to evaluate the thermodynamic
efficiency of the hydrogen generation process. It
calculates the percentage ratio between the standard Gibbs
free energy of formation (4GY%) and the actual heat (Q)
consumed during the reaction. The coefficient S accounts
for process-specific parameters, including system losses
and operational factors. This approach allows for the
assessment of the energy performance of the aluminum
dissolution process and provides a basis for optimizing
energy consumption in the system.

The amount of working electrolyte was determined
using formula (Eq. 6):!%20

m
p‘?a (6)

where p is the density of the alkaline solution, g/cm?; V is
the volume of the chemical reactor, cm?®; and m is the
amount of working electrolyte, g.

The weight of the AK7 alloy was calculated using
formula (Eq. 7):
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m
0 = st ()0 )
substance m

where @gupsiance 18 the aluminum content in the alloy, %;
Mgubsiance 1S the weight of aluminum in the alloy, g; Maioys
is the weight of the alloy, g.

The material balance is calculated either solely
based on the main overall reaction equation or by taking
into account all parallel, side reactions and products. The
material balance is calculated according to the general law
of mass conservation as follows:

zminpuz - zmoutpm, Zmi’lpm - Zmuutput =0 (8)

where Y mipu is the total weight of the substances
required for the cycle process, g; Y Moupu 18 the total
weight of the final products of the process, g.

Calculations of material balances and the quantity
of starting materials are carried out depending on the
specified hydrogen productivity (1-10 m*/day), taking
into account the use of impurities and reaction products.
In this technological process, the material balance
calculation is based on a nominal productivity of 1 m? of
hydrogen per day.

On the surface of aluminum or its alloy, the
dissolution reaction of the protective oxide layer occurs.
After its dissolution, the main reaction (Eq. 1) proceeds,
according to which the weight of synthesized hydrogen, as
per formula (Eq. 2), released in 1 hour is 89.3 g. To obtain
89.3 g of hydrogen, it is necessary to calculate the
required weight of aluminum based on its reaction with
the alkaline solution, which proceeds according to scheme
(Eq. 9). According to the calculations, based on reaction
(Eq. 9), the required amount of aluminum is 804 g.

2A1+2NaOH+6H,0—3H,+2Na[Al(OH)4]s  (9)

To obtain 89.3 g of hydrogen, the required amount
of aluminum is 804 g. However, the AK7 alloy contains
impurities, the total amount of which is 11.4 %. Thus, the
weight of pure aluminum in the AK7 alloy is 88.6 %.
According to formula (Eq. 7), we calculate the total
weight of the AK?7 alloy, taking into account the
impurities present in the alloy:

804

m =——=9074 10
alloys 0886 g ( )

The total amount of impurities in 9074 g

(according to formula (10)) of the alloy is 103.3 g,
specifically:
Si =635 g Fe =118 gt Mn =3.6 g Ni =27 g;
Cu = 13.6 g; Mg = 3.6 g; Zn = 4.5 g. Therefore, it is
necessary to perform calculations separately for each
impurity according to the equations of their reactions.

Similarly to the data provided for the dissolution of
pure aluminum, we use the same data for the calculation.
Therefore, to obtain 1 m* of hydrogen (89.3 g), according
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to reaction (Eq. 1), the required amount of aluminum is
804 g, of alkali is 1191 g, and of water is 1608 g.

3. Results and Discussion

In recent years, significant attention has been paid
to the study of the influence of various additives in
solutions on  chemical'® and electrochemical
processes,' 122021 a5 well as on material properties.!® 22
These studies play an important role in the development
of new materials and technologies for various industries.
The effectiveness of metal dissolution processes can be
significantly enhanced by the use of activators. These
activators, depending on their quantity and method of
introduction into the reaction medium, can result in a
synergistic interaction that improves chemical process
productivity.?»2* The addition of sodium chloride and
sodium fluoride to chemical processes enhances
solubilization, reaction efficiency, and environmental
safety. Each compound contributes uniquely, optimizing
the overall productivity and effectiveness of industrial
chemical reactions. Currently, there is almost no
information in the literature about the mechanism of
interaction between the aluminum surface and an alkaline
solution containing an activator.

Within the concentration range of 0.02-
0.17 mol/dm?, the dissolution rate of the alloy increases
ninefold over 1 hour. Another indicator of the increased
dissolution rate of AK7 is the adsorption of certain ions on
the surface of the alloy, which react with the alkaline-
halide solution. The addition of halide salts such as NaF
and NaCl to the alkaline electrolyte significantly enhances
the efficiency of hydrogen generation. This effect is
associated with the ability of halide ions (F~ and CI") to
locally disrupt or dissolve the passive aluminum oxide
film that naturally forms on the alloy surface. Fluoride
ions, in particular, are known to be highly effective in
penetrating and destabilizing oxide layers, which
promotes direct contact between the metallic aluminum
and the electrolyte. As a result, the surface becomes more
reactive, increasing the rate of aluminum dissolution and
consequently accelerating hydrogen release. Moreover,
the presence of halide ions may facilitate the formation of
soluble aluminum complexes, further supporting the
reaction process.?> 28

The kinetic regularities of the chemical behavior of
the AK7 aluminum alloy in alkaline solutions with the
addition of chlorides and fluorides have been established,
specifically the dissolution rate of the AK7 alloy and the
hydrogen evolution rate.

Fig. 1 shows the change in the dissolution rate of
the AK7 alloy in an alkaline solution with a concentration
of 2.5 mol/dm?, containing NaCl impurities within the
concentration range of 0.02-0.17 mol/dm’, at a
temperature of 293-298 K over a period of 1 hour
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compared to a pure 2.5 mol/dm? solution. However, when
comparing the effect of chloride ions in the alkaline
solution, we choose a concentration of 0.1 mol/dm’, as
increasing this concentration is impractical due to the
supersaturation of the working electrolyte, which leads to
a decrease in the specific dissolution rate of the alloy.

g

The rate of hydrogen
evaluation (cm3/m2-hour)
=

Fig. 1. The dependence of the hydrogen evolution rate as a result
of the dissolution of AK7 in alkaline solutions on the NaCl
concentration and the duration of the study

Data analysis indicates that the introduction of
sodium fluoride into the alkaline solution significantly
increases the interaction rate of the aluminum alloy. At a
concentration of 0.1 mol/dm? over 1 hour, the dissolution
rate is 1.05 times higher compared to the presence of
chloride ions at a concentration of 0.1 mol/dm® in the
presence of hydroxyl ions, and 9.4 times higher compared
to a pure solution with a concentration of 2.5 mol/dm’.
Accordingly, the hydrogen evolution rate also increases
(Fig. 2).

This study also investigated the simultaneous
action of the activators NaF and NaCl, which were
introduced into a technologically optimized alkaline
electrolyte (2.5 mol/dm®* NaOH). The chemical
dissolution of the aluminum alloy AK7 was studied in an
alkaline solution with a concentration of 2.5 mol/dm?,
enhanced by the addition of two activators: NaF and
NaCl, at concentrations of 0.2 mol/dm? and 0.1 mol/dm?,
respectively. The experiments were conducted using
aluminum alloy samples with a geometrical surface area
of 5.6:10~* m? under conditions of 293-298 K for 1 hour.

The experimental results demonstrated a significant
correlation between the research duration and the mass
loss of the AK7 aluminum alloy during its interaction with
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the alkaline-halide solution. Throughout the study, the
specific mass loss of the alloy increased from an initial
600 g/m*>hour at 0.15 hours to approximately
2400 g/m*-hour after 1.05 hours. This progressive increase
in dissolution rate indicates the catalytic effects of halide
ions present in the electrolyte.
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Fig. 2. The dependence of the hydrogen evolution rate
as a result of the dissolution of AK7 in alkaline solutions
on the NaF concentration and the duration of the study

The data also confirm a nonlinear dependency of
dissolution rate on time, characterized by an initial gradual
increase followed by a more rapid acceleration. This
behavior is attributed to the combined actions of sodium
fluoride and sodium chloride, which enhance the
dissolution of the protective oxide layer on the aluminum
surface and subsequently facilitate the reaction with the
alkaline medium. These findings underscore the
technological viability of the proposed electrolyte
composition for industrial hydrogen production, as it
ensures a substantial dissolution rate of the aluminum alloy
and corresponding hydrogen evolution within relatively
short timeframes. The obtained results provide a solid basis
for optimizing reaction conditions to further enhance
process efficiency. Analyzing the data, it is possible to
conclude the promising use of this solution on an industrial
scale, as the rate of hydrogen release in the use of this
electrolyte also increases, reaching significant values when
using halide activators in the alkaline solution.

Fig. 3 shows the dependence of the hydrogen
release rate on the influence of NaF and NaCl impurities
at concentrations of 0.2 mol/dm? and 0.1 mol/dm?,
respectively, in a 2.5 mol/dm* NaOH solution at
temperatures of 293-298 K over 1 hour.



606

Analyzing the obtained data on the interaction of
the AK7 alloy with the alkaline-halide electrolyte, it is
evident that with an increase in the duration of the study,
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there is a rapid increase in the dissolution rate of the
aluminum alloy (Fig. 1), which also leads to an increase in
the hydrogen release rate (Fig. 3).
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Fig. 3. Rate of hydrogen release due to the combined effect of two activators in an alkaline solution

The presented research results (Figs. 1 and 2)
correspond to the empirical equations (Egs. 2 and 3), which
fully determine the most technological patterns of the
influence of electrolyte components and the duration of the
study on the dissolution rate of the AK7 alloy and the
amount of hydrogen released over 1 hour. Based on the
experimental data, it has been established that NaF and
NaCl are technologically promising activators in an alkaline
solution, with concentrations that can vary between 0.19—
0.21 mol/dm?® and 0.09-0.11 mol/dm?3, respectively.

It should be noted that the simultaneous action of
accelerators NaF and NaCl at concentrations of 0.19-
0.21 mol/dm* and 0.09-0.11 mol/dm?, respectively, in an
electrolyte of 2.4-2.6 mol/dm3 NaOH, provides promising
prospects for hydrogen production. The obtained data
show that the dissolution rate of the AK7 alloy is 10 times
higher compared to the absence of activator impurities and
is characterized by the following values: AP = 232143 g
and VH,=1126.4-103 cm? per 1 m? within 1 hour.

The rate of hydrogen release depends strongly on
the concentration of halide activators in the alkaline
electrolyte. At lower concentrations (0.02-0.05 mol/dm?),
both NaCl and NaF significantly increase the reaction rate
by facilitating the destruction of the passive aluminum
oxide layer and enhancing the accessibility of the
aluminum surface to the electrolyte. As the concentration
of NaCl or NaF increases up to 0.2 mol/dm?, the rate of
hydrogen evolution also increases, but the effect tends to
plateau beyond certain concentrations, indicating
saturation of the activation mechanism. This behavior
suggests that there is an optimal range of halide
concentration for maximizing hydrogen yield, beyond
which further increases in concentration do not provide

significant kinetic benefits and may even lead to
secondary effects such as complexation or ionic strength
interference.

The noticeably higher effectiveness of NaF as an
activator compared to NaCl is primarily attributed to the
unique chemical properties of fluoride ions (F). Fluoride
has a smaller ionic radius and higher electronegativity
than chloride, which enables it to more -effectively
penetrate and destabilize the passive oxide film on the
aluminum surface. This leads to a more active dissolution
process and a correspondingly higher rate of hydrogen
evolution. In contrast, chloride ions (CI"), although also
capable of disrupting oxide films, exhibit a weaker effect
due to their lower reactivity with aluminum oxide and
their tendency to form less stable surface complexes.

The production of hydrogen through the interaction
of aluminum alloys with alkaline solutions (destructive
depolarization cycle — DDC) involves the use of the
working surface of aluminum in the form of rolled plates
and a wide range of powders with sodium hydroxide
solutions containing activator impurities. Based on the
conducted research and analysis of literature data, it is
possible to create a technological process for the chemical
production of hydrogen using widely used materials. To
implement this process, material balance calculations of
the materials entering the reactor and the output of
reaction products are carried out.

Table presents the calculation results of the
components of the material balance that affect hydrogen
production through the chemical interaction of the AK7
alloy with alkaline solutions containing halide impurities
at a temperature of 7= 293-298 K.
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Table. Components of the material balance for hydrogen production from the AK7 alloy

Required Materials Expenditures
No. Materials Weight, g No. Materials Weight, g
AK7 alloy: 907.4: 1 Hydrogen 99.4
| aluminum 804 2 Na[Al(OH)4] 3514
silicon 63.5 3 NaxSi0; 276.7
iron 11.8 4 FeO 15.17
manganese 3.6 5 MnO 4.65
nickel 2.7 6 Ni+Cu 16.3
copper 13.6 7 (sludge)
magnesium 3.6 8 MgO 6
zinc 4.5 Zn0O 5.6
Electrolyte: 13860: Electrolyte: 10829.9
NaOH 1386 NaOH 13.6
2 NaCl 69.3 9 NaCl 69.3
NaF 116.4 NaF 116.4
water 12288.3 water 10630.59
Total 14767 Total 14767

Based on the calculations summarized in Table 1,
the material balance equation (Eq. 8) is satisfied.
According to this equation, D Minake — D Mexpenditures = 0,
which indicates the feasibility of calculating the necessary
practical expenditure coefficients for producing 1 m* of
hydrogen.

The results obtained in this study are in agreement
with published data on the enhancement of hydrogen
generation from aluminum in alkaline media. According to
Feng et al?' the addition of salts such as NaCl to
aluminum powder increases the hydrogen yield
significantly by facilitating the breakdown of the passive
oxide layer. Although Wang et al.'” focused on NaOH and
KOH, their findings confirm that preventing passivation
and optimizing reaction conditions, such as temperature and
base volume, are key to improving hydrogen evolution
rates. In our study, the use of halide salts (NaF and NaCl) at
optimized concentrations allowed for comparable or better
hydrogen release under milder conditions, emphasizing
their potential as effective activators in aluminum-based
hydrogen generation systems.

The principal process scheme for hydrogen
synthesis is illustrated in Fig. 4. The technological scheme
demonstrates the process of hydrogen production through
the chemical dissolution of aluminum alloy AK7 in an
alkaline solution with activators.

The technological process involves preparatory
operations, which include:

- sorting the AK7 alloy raw material by size
and degree of contamination with mineral oils;

- chemically degreasing the surface to remove
mineral oils;

- preparing the solution for interaction with
the aluminum alloy;

- preparing the chemical reactor for operation;

- supplying components to the reactor.

The reactor system is purged with an inert gas
(argon or nitrogen) before each experiment and

subsequently sealed to prevent the ingress of atmospheric
oxygen. This step is critical for two reasons: first, oxygen
can react with the aluminum surface to form a passive
oxide layer, which inhibits further dissolution and reduces
hydrogen generation efficiency; second, the simultaneous
presence of hydrogen and oxygen in a closed system
poses a significant explosion hazard. Therefore,
maintaining an oxygen-free environment ensures both the
safety and effectiveness of the process.

The hydrogen production process is carried out in
batch mode, where the reactor is loaded with a fixed
quantity of aluminum alloy and electrolyte, allowed to
react for a defined time, and then cleaned and reloaded for
subsequent cycles. This operational mode allows precise
control over reaction conditions and facilitates the
collection of experimental data.

The sorted and degreased raw material is fed into
the hopper. From the raw material hopper (1) to the
chemical reactor (2), AK7 alloy or aluminum powder is
supplied through the pipeline (11). Through pipeline (3),
the working electrolyte is supplied to the reaction device.
Before bringing the reactor parts into working condition,
the technological line is purged with inert gas. After this
operation, the chemical reactor is started, followed by its
sealing to prevent oxygen from entering the reaction
space. After the chemical reactor operates, the synthesized
hydrogen is transported through its pipeline into the
hydrogen purification system (6), where it is brought to
working condition and then fed into the storage unit (7)
using a compressor (9). In the storage unit (7), hydrogen
fills the storage containers, undergoes quality checks by
sampling gas according and then enters the combustion
system to generate heat through the pipeline (10). The
operational state of the hydrogen synthesis technological
scheme is controlled by the process control unit (5).
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Fig. 4. Technological scheme for hydrogen synthesis: 1 — raw material hopper;
2 —reactor; 3 — electrolyte supply; 4 — hydrogen transport pipeline; 5 — process control unit;
6 — hydrogen purification system; 7 — hydrogen storage; 8 — sludge discharge pipeline;
9 — compressor; 10 — hydrogen output pipeline as needed; 11 — raw material supply pipeline

The reaction products in the form of sludge and
supersaturated solutions enter the lower zone of the
reactor, where they are transferred to the disposal chamber
for obtaining the final product ALOs using the sludge
removal pipeline (8).

The technological scheme for producing hydrogen
from aluminum alloys additionally includes systems for
raw material preparation and processing of reaction
products, which comprise crystallization concentrators for
aluminates, oxides, and aluminum oxides. The line
features a heat reactor where these compounds are
converted into AlOs, dried, and then directed to
regeneration or aluminum adsorption filter systems.

After preparing the raw material to the required
quality, it is loaded into the reactor. The design of the
reactor, its productivity, and operational reliability are of
great importance. It must meet the following
requirements'” and be resistant to the action of reagents:

— have a high level of sealing of the reaction
chamber;

—  exclude the possibility of oxygen entering the
reaction zone and the occurrence of an explosion;

— be equipped with devices for supplying
aluminum alloy and working electrolyte;

— ensure the removal of hydrogen from the
reaction zone and its purification;

—  have a system for removing reaction products
(sludge) and their processing.

A simplified diagram of the chemical reactor
shown in Fig. 5 represents a batch ideal mixing reactor
(BIMR) with a mechanical stirrer.

Operation of the chemical reactor: aluminum alloy
AK7 plates or aluminum powder are fed to the surface of
the reaction device through the pipeline (8). The reactor is
filled to 75 % of its volume, after which the electrolyte is
pumped into it via pipeline (4) based on the productivity
and reaction balances of AK7 interacting with sodium
hydroxide. Before bringing the reactor parts into working
condition, the technological line is purged with inert gas.
The reactor is then sealed, and the mechanical stirrer
(Eq. 6) is activated. As a result, hydrogen is released and
fills the volume of the reactor. After the BIMR operation,
the synthesized hydrogen is transferred through pipeline
(7) to the system for separation from the electrolyte for
drying and storage in special containers. The purified gas
is collected in containers, sealed, or burned as fuel if
necessary. The reaction products in the form of sludge and
supersaturated solutions enter the lower zone of the
reactor and are then discharged through the sludge
removal pipeline (3) into steel containers and processed
into the final product, aluminum oxide. After the
hydrogen synthesis is completed, the reactor is cleaned of
residues and prepared for further cycles.

Thus, the calculations of materials, reagents, and
energy carriers for the specified productivity fully
correspond to the experimental results. The dissolution
products of the alloy, primarily aluminates, formed as
sludge or supersaturated solutions, are processed at high
temperatures to obtain aluminum oxide as the final
product, which is subsequently reused as intended.

The research demonstrates the possibility of
producing hydrogen via a low-temperature chemical
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interaction of AK7 aluminum alloy with alkaline-halide
electrolytes, without the use of membrane electrolyzers.
Hydrogen is generated in the reactor, then purified and
directed to storage units for further use.

—
b

3

=i
=

Fig. 5. Simplified diagram of the hydrogen production reactor:
1 —reactor body; 2 — reaction device; 3 — sludge removal
pipeline; 4 — electrolyte supply; 5 — reactor cover;

6 — mechanical stirrer; 7 — hydrogen outlet;

8 — raw material supply pipeline

One of the key areas of practical implementation of
the proposed technology is its use to ensure a backup
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power supply for infrastructure. For example, the
technological equipment of the first and second lift
pumping stations, which carry out water intake and supply
to consumers, is powered. They are critically important
objects, especially in emergencies,?® when the centralized
power supply is disrupted.

Fig. 6 presents a conceptual diagram of the
implementation of a hydrogen backup power supply system
for a pumping station. The main elements of the system are:

— a chemical hydrogen generator based on
aluminum alloy AK7 and alkaline electrolyte with
NaF/NaCl activators;

—a hydrogen purification, drying, and storage unit;

— a fuel cell or hydrogen generator;

— an inverter and voltage stabilizer for powering
electrical equipment;

— a system for disposing of reaction by-products.

Preliminary calculations of the implementation of
such scheme for backup power supply of the second lift
pumping station show that using 24.3 kg of AK7, 36 kg of
alkali and 30-35 1 of water will provide 3 hours of
autonomous operation of a medium-power pumping
station (up to 15 kW) without the use of diesel generators
or external power. After the cycle is completed, the
system can be quickly prepared for restart if raw materials
are available.

The results open up several directions for further
research in the energy supply of critical infrastructure
based on hydrogen technologies. First, a deeper study is
required to optimize hydrogen power systems for
infrastructure facilities (pumping stations, water treatment
plants, efc.). It is important to determine the most effective
schemes for scaling such systems, considering typical
energy consumption and operating modes.

— g —> ‘.Hg —| |— {} — >
Aluminum  Alkaline Hydrogen  Purification Fuel Cell/ First/Second
Alloy AK7  Solution Generator and Storage Invertor Lift Pumping

with Halide Station
Activators ,l,
NaOH + NaF/NaCl A A A
AN
NN
Byproduct
Processing

Fig. 6. Conceptual diagram of the implementation of the hydrogen backup power system at the first/second lift pumping stations
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Our further research will compare hydrogen power
sources’ efficiency and economic feasibility with
traditional backup systems, such as diesel generators,
batteries, or solar panels. This will allow us to assess the
payback of implementing hydrogen installations for water
supply and sewage enterprises. Special attention will be
paid to such systems’ safety and reliability issues in
conditions of temperature fluctuations, humidity, and
other external factors. It is important to ensure a stable
hydrogen supply, a controlled generation process, and safe
operation of fuel cells.

4. Conclusions

Based on experimental data, it has been established
that the technologically promising activators in an alkaline
solution are NaF and NaCl, with concentrations of 0.19—
0.21 mol/dm? and 0.09-0.11 mol/dm?, respectively. It has
been found that the simultaneous use of NaF and NaCl at
concentrations of 0.19-0.21 mol/dm® and 0.09-
0.11 mol/dm? in an electrolyte of 2.4-2.6 mol/dm? NaOH
is promising for hydrogen production.

A technological scheme for hydrogen synthesis has
been developed. Its feature lies in its simplicity and
accessibility, as its implementation requires readily
available chemical reagents and widely used domestic
materials. Material balance calculations for production
have been carried out using pure aluminum and the AK7
casting alloy. It should be noted that the material balance
calculations and the quantity of initial products are
determined based on the specified hydrogen productivity.

The study demonstrates an effective approach for
hydrogen production through chemical dissolution of
AK?7 aluminum alloy in an alkaline solution with NaF and
NaCl activators. The proposed electrolyte composition
significantly increases the dissolution rate and hydrogen
yield. Experimental analysis revealed the key role of
halide activators in enhancing reaction kinetics, enabling
process optimization. The developed method is simple,
based on accessible materials, and applicable under
emergency conditions.

The practical significance lies in developing a
chemical hydrogen-generation method using AK?7
aluminum alloy in an alkaline solution to provide backup
power for critical infrastructure, particularly first- and
second-stage pumping stations in centralized water-supply
systems. The resulting modular hydrogen units operate
without external electricity or fuel and can be activated
immediately during outages to sustain pumping and
potable water delivery. Moreover, this technology applies
to decentralized hydrogen-energy frameworks, offering
emergency power to utilities, healthcare facilities,
communication systems, and other essential services.
Overall, it contributes to a resilient, environmentally
sustainable energy infrastructure.

Nataliia Zabiiaka et al.
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XIMIYHE BUPOBHUIITBO BOJHIO
3 AIIOMIHIEBOTI'O CIVIABY AK7
3 BUKOPUCTAHHAM AKTUBATOPIB NAF
TA NACL JJIsI CACTEM ABAPIMHOI'O
EHEPTO3ABE3IIEYEHHA

Anomayia. Posensinymo memoo OmpumanHs 00HI0 XIMIUHUM
PO3UUHEHHAM — anoMiniceozo cnaasy AK7 6 ayoicHux posuunax 3
dooasanusm  axmusamopie NaF i NaCl. Onmumizoéanuii cKiao
eleKmponimy ma KOHYeHmpayii axmueamopis IiCmomuo nio8uwyoms
WBUOKICNb POZUUHEHHS AIOMIHIIO, WO CHPUSE eheKMUBHOMY BUOLIEHHIO
600HI0. 3anpononoséanuil Mmemoo Mae nepesaci WoO0O CMIUKOCHII,
EKOHOMIUHOI  eheKmuenoCmi ma MIHIMAIbHO2O GRAUEY HA OOBKILIA.
Buxonano ecebiunuii ananiz KiHEMUYHUX RAPAMEmPI8, Wo 0al0 3MO2y
BUBHAYUMU ONMUMATbHI YMOosu npoyecy. Pospobneny mexuonoeiuny cxemy
ceHepayii  6OOHIO MOJCHA — IHMeZpyéamu 6 Cucmemu  agapiiHO20
eNeKMPONOCMAYAHHS 00 €KMié 6000NOCMAYAHHS, 300e3neyyoyU 0eKilbKd
200UH ABMOHOMHOI pO6OMU 8000NPOBIOHO20 OONAOHAHHSA 6 A8APITIHUX Ma
EeKCMPeManbHUX YMOBAX.

Knwouosi cnosa: supobnuymeo 6oouio, anominiesuti cnaias AK7,
ayorcHull  posuur, axmueamopu NaF, axmuseamopu NaCl, xpumuuna
inghpacmpyxmypa, enepeozabesneyenus.



