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We considered the process of hydrogen generation from water by using the alloys based on

aluminium and silicon with the alloying additions of alkaline earth metals. The degree of

completeness of the interaction between the above alloys and NaOH solution (10–13.3%)

was determined for the range of initial temperatures of 900C to 1300C. The required

aluminium content in the ferro-silicon-aluminium alloys should be about 25–30% to

intensify the hydrogen generation process in a laboratory reactor with a volume of

1.1310–3 m3. The reactions of ferro-silicon and ferro-silicon-aluminium alloys with water

were investigated in an AVG-45 autonomous balloon-type gas generator. The Gibbs energy

value was calculated taking into account the influence of pressure changes in the gas

generator. Recommendations have been developed to apply a silicone method of hydrogen

generation in the hydrogen gas generators using aluminium-silicon alloys. The interaction

of aluminium–sodium hydride composites with the NaH content of 23 wt.% and 50 wt.%

as well as the samples of sodium aluminium hydride (NaAlH4) with water was studied to

use them in the hydrogen gas generators. The procedure of hydrogen generation by means

of hydro-reactive substances was adopted as a basic one to use in the hydrogen generation

systems and in the developed system of hydrogen storage and hydrogen supply in

experimental samples of the autonomous lifting installations.
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Introduction

Expansion of the hydrogen application areas is
associated with the qualitative changes currently
taking place in the chemical, machine building,
metallurgical and energy industries.

Ferrosilicon alloy FS 75 (Fe 20–25, Si 74–80,
Al 0.6, Cr 0.5, P 0.05, and S 0.03) is used in a
silicone method of hydrogen generation from water
in weather stations and in aerostatics [1,2]. Silicon
is an element that displaces hydrogen from water in
the presence of caustic soda.

To date, the thermodynamics and kinetics of
the interaction a caustic soda solution with different
aluminium powders and aluminium activated by
indium, gallium and tin have been investigated. As
far as the silicon alloys is concerned, only some
experiments were conducted with ferrosilicon FS 75
and ferrosilicon-aluminium alloys (FSA) obtained

by alloying of pure components [3,4].
The aim of this work is to study the process of

interaction of the alloys based on silicon and
aluminium with water for hydrogen generation, in
particular in autonomous lifting installations.

Experimental, results and discussion

The silicone method of hydrogen generation is
described by the following equation [5]:

Si+2NaOH+H2ÎNa2SiO3+2H2.

According to stoichiometry, it needs to take
80 g of caustic soda for every 28 g of silicon soda. In
high-pressure gas generators, the consumption of
caustic soda amount can be much smaller, since
sodium silicates are formed:

2Na2ÎSiO2+H2Î2NaOH+Na2Î2SiO2.
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As a result, free sodium hydroxide is released
and sodium silicate is formed. Sodium silicate and
its solutions are usually called soluble glass and liquid
glass, respectively. The main characteristic of soluble
glass is the number n, which shows how many silica
molecules (SiO2) are related to one molecule of
sodium oxide (Na2Î). Sodium silicate with n=2 can
be further hydrolyzed to form silicates with a larger
number n. Aqueous solutions of silicates can be
generally represented by the formula
Na2ÎnSiO2mH2Î, where m is the number of water
molecules that are the part of the silicates [6].

The study of the kinetics of hydrogen generation
was performed in a laboratory reactor that provides
an isochoric process (V=1.1310–3 m3) (Fig. 1).

The hydrogen generating alloys have the
following compositions (wt.%):

A-98CaMg – Al 98.4, Ca 0.8, and Mg 0.8;

AB 86 – Si 5.0, Al 84, Cu 4.0, Sn 0.2, Mg 3.0,
Zn 3.5, and Pb 0.3;

FS 75 Ba1 – Fe 19.3, Si 78.4, Al 1.3, and Ba 1.0;

FS 75 Ba4 – Fe 18.1, Si 75.1, Al 2.0, and Ba 4.8;

FSA 15 – Fe 7, Si 78, and Al 15;

FSA 30 – Fe 10.3, Si 59.9, and Al 29.8;

FSA 30Mn1 – Fe 10, Si 56.83, Al 31.6, and Mn 1.57.

The results of the experiments are shown in
Tables 1 and 2 and Figs. 2 and 3. The reaction was
monitored by increasing the pressure in the reactor.
The amount of the released gas was estimated by the
gas meter.

The degree of conversion (c) was determined
as the ratio of the maximum actually released

hydrogen volume to the theoretically possible one:

c=Vr/VT,

where Vr is the volume of hydrogen that was released
during the reaction and reduced to normal conditions;
and VT is the theoretical volume of hydrogen released
by the interaction of m kg of pure element (Si or Al)
with water.

For the silicon-aluminium alloys, VÒ was
determined by the rule of additivity for the all alloy
active parts.

The rate of hydrogen evolution was calculated
by the following formula

ΔV
W ,

mΔ




where V is the volume of hydrogen released (m3);
 is the duration of hydrogen evolution (s); and m
is the alloy weight (kg).

Fig. 1. Laboratory reactor with a volume of 1.1310–3 m3

Table  1

Dependence of the hydrogen evolution rate and the completeness of the reaction of FSA and FS alloys on sodium

hydroxide concentration. The initial reaction temperature t=900C. The alloys weight m=510–3 kg. The particle

diameter d=(0.5–1.5)10–3 m

Alloy type 
Concentration of 

sodium hydroxide, wt.%

Maximal temperature, 

tmax, 
0С 

Reaction time, 

10–3, s 

Maximal reactions rate 

W103, m3/(kgs) 

Reaction 

completeness, 

10 105 2.4 0.009 45 
FS 75 Ba 1 

13.3 104 1.5 0.16 60 

10 91 4.92 0.42 28 
FSA 30 

13.3 94 4.8 0.46 30 

10 105 0.11 8.7 99 
А-98СаМg 

13.3 107 0.1 8.8 99 

10 94 0.9 3.51 96.4 
АВ 86 

13.3 96 0.85 3.53 98 
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Fig. 2. Dependence of the reaction completeness on time.

The concentration of sodium hydroxide was 13.3%,

Tinit=1300Ñ. 1 – FS 75 Ba 1; 2 – FS 75 Ba 4; 3 – FSA 15;

4 – FSA 30; 5 – FSA 30Mn1; 6 – A-98CaMg; 7 – AB 86

When the temperature increases from 90 to
1300C, the reaction rate increases significantly for
the silicon-based alloys (FS 75 Ba1 and FSA 30),
however it slightly decreases for aluminium alloys
A-98CaMg and AB 86. This reduction of the rate is
associated with aluminium hydroxide formed on the
surface of the particles. The hydrogen evolution rate
for FSA 15 alloy is Wmax=0.1910–3 m3/kgs and the
reaction completeness ò=0.53 (the particles size lies
in the range of (0.1–0.5)10–3 m and the NaOH
concentration of 13.3%).

The ÀÂ 86 aluminium alloy interacts with water
instantly, but after a while, the resulting aluminium
hydroxide begins to absorb water. Thus, the

aluminium alloys require a twofold increase in water
consumption. In this regard, it is desirable to limit
the concentration of aluminium in FSA alloys at
the level of 25–30%.

An increase in the temperature to 1300C causes
an increase in both the reaction completeness by
1.5–2,0 times and the reaction rate for the most
alloys (Tables 1 and 2). The reaction products are
silicon compounds of iron, barium and other
impurities that can be destroyed only at elevated
temperatures.

FS 75 Ba 1 alloy is much more active than FS
75 Ba 4 alloy. This is due to the fact that with
increasing the aluminium content from 2 to 10%
the volume of gas emission is reduced by 40–45%
for the alloys containing barium [3,4].

Figure 3 shows time dependences of pressure

Table  2

Dependence of the hydrogen evolution rate and completeness of the reaction of FSA and FS alloys on sodium

hydroxide concentration. The initial reaction temperature t=900C. The alloys weight m=510–3 kg. The particle

diameter d=(0.5–1.5)10–3 m

Alloy type 
Concentration of 

sodium hydroxide, wt.%

Maximal temperature, 

tmax, 
0С 

Reaction time, 

10–3, s 

Maximal reactions rate 

W103, m3/(kgs) 

Reaction 

completeness, 

10 142 1.26 0.096 52 
FS 75 Bа 1 

13.3 135 1.23 0.95 70 

10 137 2.4 0.04 30 
FS 75 Bа 4 

13.3 133 0.37 0.5 36 

10 131 2.6 0.14 51 
FSA 15 

13.3 133 2.9 0.19 53 

10 133 3.66 2.1 51 
FSA 30 

13.3 135 1.68 3.9 63.6 

10 131 2.2 0.2 0.4 
FSA 30 Мn1 

13.3 132 2.08 0.16 0.43 

10 132 0.13 7.8 99 
А-98СаМg 

13.3 134 0.2 8.1 99 

10 136 1.2 2.7 99 
АВ 86 

13.3 137 1.1 2.9 99 

 

Fig. 3. Changes of pressure in the reactor with time during the

interaction of alloys with 13.3% NaOH solution (m=110–3 kg):

1 – FS 75 Ba 1; 2 – FS75 Ba 4; 3 – FSA 15; 4 – FSA 30;

5 – FSA 30 Mn1; 6 – A-98CaMg; 7 – AB 86
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in the laboratory reactor during the interaction of
alloys with aqueous solution of sodium hydroxide.

The reactions of the FS 75 Ba 1, FS 75 Ba 4,
FSA 15, FSA 30 and FSA 30 Mn1 alloys were studied
in the AVG-45 industrial gas generator (Fig. 4).
Before the experiments, the alloys and granular
caustic soda (sodium hydroxide) powder were put
into the gas generator; then the required amount of
water was added.

It was found that the temperature grows from
100C to 400C when 0.8 kg of granular caustic soda
was dissolved in 6 L of water. A further temperature
increase up to 700C was due to the addition of a
small amount of aluminium powder, since it promotes
a subsequent reaction between silicon and caustic
soda.

In case of FSA 30 Mn1 alloy, we used

3010–3 kg of aluminium alloy based on A-98CaMg
(d=(0.1–0.5)10–3 m) to heat the reactor. This results
in rapid water boiling during the first seconds of the
reaction. Therefore, the amount of A-98CaMg alloy
was reduced to 2010–3 kg in further experiments.
To provide the required reaction rate and reaction
completeness, the following quantities of reagents
are required: 1.25 kg of FSA (FS), 0.8 kg of NaOH,
and 6 L of H2O [3].

The results of the study of FSA alloys and
barium-containing alloys are shown in Table 3 and
Fig. 5. The particle diameters were (0.3–1.2)10–3

m, (0.1–0.52)10–3 m, and (0.63–1.5)10–3 m for the
FS 75 Ba1/FS 75 Ba4, FSA 30/FSA 30 Mn1, and
FSA 15 alloys, respectively.

The obtained results indicate that the highest
reactor performance is observed when using the FS
75 Ba1 alloy. For the interaction of the FSA 30
Mn1 alloy with 13.3% solution of caustic soda in an
autonomous gas generator AVG-45 of the balloon
type, the reaction completeness is equal to 80%,
which is practically twice as much as for the
laboratory experimental data (43%) (Table 2).
Maximum temperatures (2400C and 2580C) were
detected in cases of FS 75 Ba1 and FSA 30 Mn1
alloys (Table 3).

The gas temperature in the upper part of the
gas generator changes from 900C to 1050C during
the reaction and decreases up to 500C at the external
cooling.

It was established that it is impossible to unload
the products of FSA 15 alloy interaction from the
gas generator. This is partly due to a low temperature
of the process. The unreacted iron- and silicon-
containing compounds are burned in the internal
surface of the gas generator. The reaction products
of the barium-containing alloys FS 75 Ba1 and FS
75 Ba4 are freely removed from AVG-45 gas
generator due to destruction of barium silicide (ÂàSi2)
layer at increasing reaction temperature:

ÂàSi2+5Í2ÎÂàÎ2SiÎ2+5Í2.

Fig. 4. AVG-45 balloon gas generator: 1 – reactor; 2 – head;

3 – valve; 4 – pressure gauge; 5 – safety valve; 6 – tripod;

7 – upper ring with a half-axis; 8 – lower ring with arms;

9 – large folding hook;10 – small folding hook;

11 – rubberized-fabric hose;12 – hose tip with cap nut;

13 – hose connecting branch

Table  3

Test results of hydrogen generation in AVG-45 gas generator using FS 75 Ba1, FS 75 Ba4, FSA 15,

FSA 30 and FSA 30 Mn1 alloys

Type of 

alloy 

Concentration  

of NaOH, wt.% 

Maximum temperature in  

the reaction zone, 0С 

Pressure in the 

reactors, MPa 

Total reaction time, 

min 

Released hydrogen  

volume, m3 

FSA 30 Мn1 13.3 258 5.4 40 1.31 

FSA 30 13.3 174 3.75 58 1.03 

FSA 15 13.3 164 3.76 69 0.97 

FS 75 Bа1 10.0 240 5.62 25 1.64 

FS 75 Bа4 13.3 145 4.31 32 1.14 
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The possibility of chemical and phase
transformations in the system is determined by the
Gibbs-Helmholtz equation:

G=H–TS,

where H is enthalpy change; S is the entropy
change; and T is the temperature.

Since the heterogeneous reactions in our case
occurs at elevated pressure, the Gibbs energy values
can be are calculated taking into account the effect
of pressure changes in the gas generator [7] as follows:

G=G0+RTln(P2/P1),

where G0 is the Gibbs energy in the standard state;
R is the universal gas constant; T is the temperature;
and P2, P1 are the final and initial pressure values in
the apparatus, respectively.

The results of our calculations of the Gibbs
energy values are given in Table 4.

The negative values of the Gibbs energy indicate
the high probability of the gas evolution reactions in
the course of the interaction of the considered
ferrosilicon and ferrosilicon-aluminium alloys with
aqueous NaOH solution.

It is well known that Al2O3 film is formed on
the surface of aluminium that prevents the interaction
of a metal with alkali water solution. To provide a
high rate of the dissolution of aluminium, it was
advisable to apply a thin layer of metallic sodium to
the surface of aluminium granules. However, this
will significantly complicate the procedure of reagents
preparation.

Therefore, to use non-deficient components as
hydro-reacting substances (HRSs) and reduce the
manufacturing cost, composite HRSs were developed
that are based on aluminium powder with the
additives of sodium hydride NaH (from 23 wt.% to
50 wt.%). The composite was synthesized by the
pressing of these components and is further referred
to as aluminium-hydride-sodium composite (AHSC).

The characteristics of the interaction of the
HRSs with water were studied by means of a UD-
40 installation (Fig. 6) at the pressure of to 4.0 MPa.

The installation UD-40 contains a reactor (1),
which is fabricated in the form of a sealed steel tank
with the volume of 300 L, which is partially filled
with water during the experiments. The reactor cover
was equipped with an ejecting device (2) with the
hydro-reacting substances samples (3) fixed, and an
electrical sealed connector (4) with connected

Fig. 5. Changes of pressure and temperature in the AVG-45 gas generator with time for the following alloys:

1 – FSA 30 Mn1; 2 – FSA 30; 3 – FSA 15; 4 – FS 75 Ba1; 5 – FS 75 Ba4

Table  4

Thermodynamic data of the reactions between the alloys and water

Type of 

alloy 

Temperature of medium in the 

gas generator, 
0
C 

Gibbs energy for the standard 

state, G0, kJ/kg 

Specific Gibbs energy, 

G, kJ/kg 

FS 75 Bа1 45 –5896.1 –5865.8 

FS 75 Bа4 100 –7225.0 –7202.9 

FSA 15 70 –9516.8 –9488.1 

FSA 30 120 –8747.3 –8718.6 

FSA 30 Мn1 123 –7535.5 –7495.5 
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thermocouples (5) to measure water temperature in
the reactor. The pressure in the reactor was controlled
by the pressure gauge (21) of MP-5 type with a scale
of 0–60 kg f/sm2 and by the pressure sensor (6) of
DD-10 type. The readings were registered by a
recording device (7) which was equipped with a
twelve channel loop oscilloscope H-117. The
procedure for these experiments was similar to that
described elsewhere [8–10].

The following AHSC samples were taken for
the study: AHSC-23 containing 23 wt.% of NaH,
AHSC-50 containing 50 wt.% of NaH and 5% of
binder polyethylene and the samples of sodium
aluminium hydride NaAlH4 (AHS).

The test samples were cylindrical elements in
the form of tablets with the outer diameter of 46
mm and the height of 7 mm to 20 mm with a central
hole having the diameter of 10 or 11 mm. The tablets
were manufactured by pressing. Their weight was
ranged from 12 g to 35 g.

The volume of generated hydrogen, reduced
to normal conditions, was determined from the
pressure drop p onto the diaphragm (15) according
to the following equation:

2

sp

c

2 p
V 0.785 d ,


 



where d is the diameter of diaphragm aperture (m);

 1 b s.v. n

с n

1 n

р р р Т
ρ ρ ,

Т р

 
  is the density of dry hydrogen

at the pressure (p1+pb–ps.v.) and the temperature Ò1

before diaphragm (kg/m3); n is the density of dry
hydrogen at normal pressure ðn=0.1013 ÌPà and
normal temperature Òn=293 Ê, kg/m3; ðb and ðs.v.

are the atmospheric barometric pressure (Pa) and
saturated water vapor pressure (Pa) at temperature
Ò1, respectively.

The main parameters of hydrogen evolution
via interaction between aluminium–sodium HRS
samples and water are shown in Table 5 and Figs. 7
and 8.

During the performed experiments, the water
temperature in the reaction vessel varied from 50C
to 700C. Nevertheless, the reaction rate remained
unchanged. This indicated the external-diffusion
character of the reaction mechanism. The HRSs
samples reacted as the whole items with a constant
rate independently of the temperature until a certain
period of time. It corresponds to Vsp=0.35–0.42 m3/kg.
Then, the samples fell apart and reacted further as
the fine-dispersed particles.

This phenomenon indicates the transition of
the reaction kinetics from the diffusion region to
the kinetic one. The diffusion kinetics is typical of

Fig. 6. Scheme of the UD-40 installation for study of the heat and mass transfer at pressures up to 4.0 MPa:

a – HRS and b – system for storage and supply of hydrogen. 1 – reactor; 2 – samples of HRS; 3 – ejecting device;

 4 – electrical sealed plug; 5,13 – thermocouples; 6 – pressure sensor; 7,17 – recording devices; 8- balloon;

9 – pressure reset control stopcock; 10 – N2 gas purging stopcock; 11 – reducing valve; 12 – moisture removing filter;

 14, 24 – manometers; 15 – diaphragm; 16 – differential pressure gauge; 18 – generator model; 19 – HRS column;

20 – ballast; 21 – thermocouple stand; 22 – throttling orifice; 23 – heat insulation
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the samples being in a monolithic form. At the same
time, the kinetic reaction region involves the reaction
with the participation of scattered aluminium
particles.

Study on the kinetics of reaction of aluminium
hydride sodium at elevated pressure (up to 10 MPa)
did not show any significant effect of pressure on
the characteristics of the reaction with water. The
limits of the experimental errors and variation did
not exceed ±7%.

It was found that the solid insoluble reaction
products of the reaction between aluminium-sodium
HRSs and water are colloidal-dispersed systems
having different degrees of water content. According
to the data of optical microscopy, the size of the
particles was 1–250 m. The main bulk of these
particles (~70%) were characterized by the sizes of
50–100 m. The trial experiments conducted with
such samples of the aluminium-sodium HRSs showed

a high rate of their reaction with water.
The self-cost of the HRSs production is

relatively low and the components of the HRSs are
available products. The developed technique for
hydrogen generation was adopted as a base one for
the development of hydrogen storage and supply
systems, in particular for the autonomous lifting
devices to lift the sunken objects off the ocean
bottom.

The possibility for organizing a controlled
process of hydrogen generation with the help of HRSs
opens the ways to create new means of travel, the
principle of action of which is based on the alternating
change in positive and negative buoyancy. The
positive buoyancy of objects immersed in an aquatic
environment can be promoted by displacing fluid by
gaseous hydrogen.

Conclusions

1. With increasing the temperature from 90 to
1300C, the reaction rate appreciably increases in case

Table  5

Characteristics of hydrogen evolution via interaction between aluminium–sodium HRS samples and water reduced to

normal conditions

Hydro-reactive substance 
Characteristic 

AHSC-23 AHSC-50 AHS 

Theoretical output of H2 per unit mass of HRS Vт, m
3/kg 1.000 1.040 1.606 

Experimental specific gas release Vsp., m
3/kg 0.780.04 0.760.06 1.530.04 

Induction time ind, s <0.5 <0.5 <0.5 

Rate of hydrogen evolution (with respect to surface unit), s102, m3/m2s 72.70.9 78.11.6 42.51.5 

Rate of hydrogen evolution (with respect to mass unit)m102, m3/kg s 4.330.2 3.270.3 2.780.2 

Rate of HRS output, l103, m/s 0.7520.005 0.6730.008 0.240.01 

Density of HRS, 10–3, kg/m3 1.240.06 1.570.06 1.130.04 

 

Fig. 7. Gas release generated by the aluminium-sodium HRS

per unit of initial mass under normal conditions: 1 – AHS,

 2 – AHSC-23, 3 – AHSC-50. Aluminium-sodium HRS

samples were manufactured as tablets with the outer diameter

of 46 mm and the thickness of 15 mm

Fig. 8. Rate of hydrogen generation by the aluminium-sodium

HRS per unit of initial mass under normal conditions: 1 –

AHS, 2 – AHSC-23, 3 – AHSC-50. Aluminium-sodium HRS

samples were manufactured as tablets with the outer diameter

of 46 mm and the thickness of 15 mm
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of the silicon-based alloys (FS 75 Ba1, FSA 30) and
slightly decreases for the aluminium alloys
(A-98CaMg and AB 86). A decrease in the rate is
assoiated with the formation of aluminium hydroxide
on the particles surface.

2. The highest rate and the completeness of
the reaction is observed for the alloys based on
aluminium (A-98CaMg and AB 86). The content of
aluminium in the FSA alloys should not exceed 25–
30% to generate hydrogen in the balloon reactors.

3. It is impossible to unload the products of
the interaction of FSA 15 alloy from the gas
generator. This is partly due to a low temperature of
the process. Unreacted iron-silicon compounds are
burned on the internal surface of the gas generator.
The products of the reaction of FS 75 Ba1 and FS
75 Ba4 barium-containing alloys are freely removed
from AVG-45 gas generator due to the destruction
of barium silicide (ÂàSi2) layer and the increase in
the reaction temperature.

4. The use of alloy containing barium additives
(FS 75 Ba1) allows facilitating the removal of the
reaction products, reducing the emissions of the
harmful substances into the environment and
simplifying the design of gas generator.

5. The solid insoluble reaction products of the
reaction between aluminium-sodium HRSs and water
are colloidal-dispersed systems having different water
content. These samples showed a high rate of the
reaction with water and satisfactory indices of specific
gas evolution.

6. The self-cost of the HRSs production is low
and their components are easily available products.
The developed technique of hydrogen generation can
be used for the development of hydrogen storage
and supply systems as well as autonomous lifting
devices.
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ÃÅÍÅÐÀÖ²ß ÂÎÄÍÞ Ç ÂÎÄÈ Ç ÂÈÊÎÐÈÑÒÀÍÍßÌ
ÑÏËÀÂ²Â ÍÀ ÎÑÍÎÂ² ÊÐÅÌÍ²Þ ² ÀËÞÌ²Í²Þ

Â.Â. Ñîëîâåé, Ì.Ì. Ç³ïóíí³êîâ, Â.Á. Ïîäà, ².Î. Âîðîáéîâà

Ðîçãëÿíóòî ïðîöåñ îäåðæàííÿ âîäíþ ç âîäè çà äîïîìî-
ãîþ ñïëàâ³â íà îñíîâ³ àëþì³í³þ òà êðåìí³þ ç äîáàâêàìè ëóæ-
íîçåìåëüíèõ ìåòàë³â. Âñòàíîâëåíî çíà÷åííÿ ñòóïåíÿ çàâåðøå-
íîñò³ ðåàêö³¿ âçàºìîä³¿ ñïëàâ³â, ùî ðîçãëÿäàþòüñÿ, ç ðîç÷èíàìè
NaOH ç³ çì³ííîþ êîíöåíòðàö³ºþ (â³ä 10% äî 13,3%) â ³íòåð-
âàë³ ïî÷àòêîâèõ òåìïåðàòóð â³ä 900Ñ äî 1300Ñ. Âñòàíîâëåíî,
ùî íåîáõ³äíèé âì³ñò àëþì³í³þ â ôåðîñèë³êîàëþì³í³ºâèõ ñïëà-
âàõ ïîâèíåí áóòè 25–30% äëÿ òîãî, ùîá ³íòåíñèô³êóâàòè ïðî-
öåñ âèä³ëåííÿ âîäíþ â ëàáîðàòîðíîìó ðåàêòîð³ îá’ºìîì
1,130–3 ì3. Ç³ ñïëàâàìè ôåðîñèë³ö³þ òà ôåðîñèë³êîàëþì³í³þ
ïðîâåäåíî äîñë³äæåííÿ â àâòîíîìíîìó ãàçîãåíåðàòîð³ ÀÂÃ-45
áàëîííîãî òèïó. Ðîçðàõîâàíî çíà÷åííÿ åíåðã³¿ Ã³ááñà ç óðàõó-
âàííÿì âïëèâó çì³íè òèñêó â ãàçîãåíåðàòîð³. Íàäàíî ðåêîìåí-
äàö³¿ ç çàñòîñóâàííÿ ñèë³êîëåâîãî ñïîñîáó ãåíåðàö³¿ âîäíþ â âîä-
íåâèõ ãàçîãåíåðàòîðàõ ³ç âèêîðèñòàííÿì àëþìîêðåìí³ºâèõ
ñïëàâ³â. Çä³éñíåíî äîñë³äæåííÿ àëþìîã³äðèäíàòð³åâèõ ñóì³øåé
êîìïîçèò³â ç âì³ñòîì NaÍ 23 ìàñ.% ³ 50 ìàñ.% òà çðàçê³â
àëþìîã³äðèäà íàòð³þ NaAlH4 ç âîäîþ äëÿ çàñòîñóâàííÿ â âîä-
íåâèõ ãåíåðàòîðàõ. Ìåòîäèêà îäåðæàííÿ âîäíþ ç âèêîðèñòàí-
íÿì ã³äðîðåàãóþ÷èõ ðå÷îâèí çàïðîïîíîâàíà ÿê áàçîâà äëÿ çàñ-
òîñóâàííÿ â ñèñòåìàõ ãåíåðàö³¿ âîäíþ òà â ðîçðîáëþâàí³é ñè-
ñòåì³ çáåð³ãàííÿ ³ ïîäà÷³ âîäíþ â åêñïåðèìåíòàëüíèõ çðàçêàõ
àâòîíîìíèõ ï³äéîìíèõ àïàðàò³â.

Êëþ÷îâ³ ñëîâà: ôåðîñèë³ö³é, ôåðîñèë³êîàëþì³í³é,
âîäåíü, âîäà, àëþìîã³äðèä.
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HYDROGEN GENERATION FROM WATER BY USING
ALLOYS BASED ON SILICON AND ALUMINIUM

V.V. Solovey a, M.M. Zipunnikov a, *, V.B. Poda b, ².Î. Vorobjova a

à A. Podgorny Institute of Mechanical Engineering Problems of
the National Academy of Sciences of Ukraine, Kharkiv, Ukraine

b National Aerospace University named after N.E. Zhukovsky
«Kharkiv Aviation Institute», Kharkiv, Ukraine

* e-mail: zipunnikov_n@ukr.net

We considered the process of hydrogen generation from water
by using the alloys based on aluminium and silicon with the alloying
additions of alkaline earth metals. The degree of completeness of the
interaction between the above alloys and NaOH solution (10–13.3%)
was determined for the range of initial temperatures of 900C to 1300C.
The required aluminium content in the ferro-silicon-aluminium alloys
should be about 25–30% to intensify the hydrogen generation process
in a laboratory reactor with a volume of 1.1310–3 m3. The reactions
of ferro-silicon and ferro-silicon-aluminium alloys with water were
investigated in an AVG-45 autonomous balloon-type gas generator.
The Gibbs energy value was calculated taking into account the
influence of pressure changes in the gas generator. Recommendations
have been developed to apply a silicone method of hydrogen generation
in the hydrogen gas generators using aluminium-silicon alloys. The
interaction of aluminium–sodium hydride composites with the NaH
content of 23 wt.% and 50 wt.% as well as the samples of sodium
aluminium hydride (NaAlH4) with water was studied to use them in
the hydrogen gas generators. The procedure of hydrogen generation
by means of hydro-reactive substances was adopted as a basic one to
use in the hydrogen generation systems and in the developed system
of hydrogen storage and hydrogen supply in experimental samples of
the autonomous lifting installations.

Keywords: ferrosilicon; ferrosilicon-aluminium; hydrogen;
water; aluminium hydride.
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