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INFLUENCE OF KINETIC PARAMETERS
ON HYDROGEN RELEASE BY INTERACTION OF AK7 ALLOY
WITH ALKALINE-HALOGENIDE SOLUTION

In this work, the influence of kinetic parameters on the efficiency of hydrogen evolution by the interaction

of cast aluminum alloy brand AK7 with solutions of sodium hydroxide with impurities of fluoride and chloride
activators was studied. The activating effect of fluoride and chloride ions with concentrations of 0.2 mol/dm’
and 0.1 mol/dm® on the dissolution of aluminum alloy AK7 in their simultaneous presence in NaOH solution
with a concentration of 2.5 mol/dm’ at a temperature of T = 293—-298 K. The results of the obtained data allow
to increase the productivity of the process by hydrogen 10 times in comparison with previous experiments. At
these concentrations, the rate of hydrogen evolution is 1.12 m* per 1 m? for 1 hour, which allows to obtain
promising results in the production of synthesized gas and to implement this method on an industrial scale.

The methods of statistical processing of experimental data calculate the relationship between the rate of
corrosion process, the rate of hydrogen evolution and the main indicators of the interaction of the conditions
of its dissolution. The obtained regression coefficients determine the most technological patterns of influence
of alkaline-halide components of the solution and the time of research on the rate of dissolution of the alloy
AK?7 and the release of hydrogen for 1 hour:

1t is determined that the rate of interaction of AK7 alloy with alkaline-halide solutions also depends on the
surface purity class. It is established that when the purity class decreases, the rate of dissolution of the alloy
increases and the rate of hydrogen evolution increases, which is explained by the presence of the mean values

of protrusions and depressions on the test surface of the sample.
The choice of the chosen technological class of surface cleanliness, which is V5. For a surface with this
roughness, the dissolution rate of the aluminum alloy is 1 000 g/m’ for 1 hour, and the rate of hydrogen

evolution is 830 cm’ for 1 hour.
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of dissolution.

Introduction. The development of the modern
energy sector requires the use of environmentally
friendly energy sources, among which a significant
role is played by hydrogen energy. To date, a large
number of scientific papers have been devoted to
hydrogen production. Particular attention is paid to
its use as an alternative and environmentally friendly
fuel with high specific performance, which is a source
of thermal energy.

The largest volumes of hydrogen are obtained by the
vapor-phase method of methane conversion [1-4], but
the obtained hydrogen requires additional purification
from impurities, which leads to an increase in its cost
by 8-10 times compared to natural gas. Intensive
use of carbon fuel and, as a result, emissions of toxic

substances require the search for new, affordable,
environmentally friendly and safe energy sources in
the form of high-purity hydrogen, the advantages of
which are the ability to be converted into heat.
Analysis of recent research and publications.
Modern methods of hydrogen production are
characterized by unsatisfactory environmental
consequences, high cost of the final product and the
difficulty of disposing of by-products of the reaction,
which inhibits the development of the hydrogen
industry [5]. Given the large scale of aluminum
production, its developed infrastructure, in the
works [6; 7] developed the concept of EAR. The
authors [8—11] carry out the activation of aluminum
by various methods, as a result of which the formed
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monohydrides interact with water with the release of
hydrogen. The rate of such interaction depends on
the nature of the activator metals, their content in the
alloy, temperature, number of components and their
ability to form multicomponent eutectic alloys [12].

This method of hydrogen production has far-
reaching goals for the future, but its implementation
on an industrial scale takes a long time.

Dissolution of aluminum alloys in alkaline
solutions is one of the promising areas in the release
of hydrogen [13]. The use of this raw material can
successfully solve the problem of obtaining cheap
and safe hydrogen energy. In view of this, the
chemical behavior of the aluminum alloy AK7 in
alkali-chloride solutions was studied in [14-23]. The
maximum rates of hydrogen evolution are 403 - 10°
cm’/m?h in a solution of 2.5 mol/dm* NaOH + 0.1
mol/dm? NaCl.

The authors [24; 25] present the results of
chemical dissolution of AK7 alloy in alkaline-
fluoride solutions. The results of the obtained data
show that at a concentration of NaF 0.1 mol/dm? the
rate of hydrogen evolution is increased by 2 times in
comparison with the impurities of chloride. However,
the obtained hydrogen release rates are low for the
application of these methods on an industrial scale.

The purpose of the work is to study the kinetic
parameters of the rate of hydrogen evolution. To
achieve this goal it is necessary to address the
following issues:

1. To determine the technological parameters of
chemical dissolution of AK7 alloy using simultaneous
action of halide activators (NaF and NaCl) in alkaline
solution;

2. Investigate the influence of the state of the
surface of the aluminum alloy.

Results and discussions. In the table 1 shows
the data of chemical dissolution of the alloy AK7 in
a solution of NaOH with a concentration of 2.5 mol/
dm? with impurities of halide activators NaF and
NaCl concentrations of 0.2 mol/dm? and 0.1 mol/dm?,
respectively, for 1 hour at temperatures of 293—-298 K.

The choice of these concentrations of activators
is due to the results of studies presented by us in
[14-25].

The analysis of table. 1 shows a rapid increase
in the rate of dissolution of the aluminum alloy AP
with increasing time of the study. As a result of this
behavior, the rate of weight loss increases and the rate
of hydrogen evolution.

In Fig. 1 shows the dependence of the rate of
hydrogen evolution on the influence of impurities
NaF and NaCl concentrations of 0.2 mol/dm® and
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0.1 mol/dm? in a solution of 2.5 mol/dm?® NaOH for 1
hour at temperatures of 293-298 K.

Table 1
Parameters of chemical dissolution of aluminum alloy
AK?7 in NaOH solutions with impurities NaF and NaCl

The composition of the
elepc trolyte 7, hour | AP, g/m*h
NaOH 2,5 mol/dm? 025 L7
a ,5 mol/dm
NaF 0,2 mol/dm? 00’755 16;? 5
NaCl 0,1 mol/dm? 2
1 2321
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Fig. 1. The rate of hydrogen evolution
from the flow of simultaneous action of two activators
in an alkaline solution

The results of studies of the chemical dissolution
of the alloy AK7 in alkaline-halide solution
are interpreted in the form of table 1 and fig. 1,
corresponding to polynomial functions by the
following equations:

— changing the dissolution rate of the alloy AK7:

AP = 1964,3X2 + 405,3X, — 46,86;

— hydrogen release rate:

Vi, = 948,43 + 201,7X, — 22,78,

where X, — time of the study, T, h

Comparing the obtained data of chemical
interaction of AK7 alloy with alkaline-chloride
and alkaline-fluoride solutions, these results differ
significantly from previous works. When using two
activators, the rate of hydrogen evolution reaches 1
130 - 10° cm*/m? - h, which allows the promising use
of alkali-halide solution on an industrial scale.

The purity class of the samples also affects the
change in the specific gravity of the alloy AP (g/m? - h)
and the rate of hydrogen evolu‘cionlﬂ’rﬁ2 (cm*/m? - h). In
fig. Figures 2—4 show images of the surface structures
of the alloy AK7, which correspond to different surface
hardnesses after mechanical polishing.

Analysis of fig. 2—4 indicates the different nature
of the studied surfaces, which corresponds to different
classes of its purity.
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Fig. 2. Surface structure of AK7 alloy after mechanical
polishing with purity class V3

In fig. 5 shows a histogram of the dissolution rate
of the alloy AK7 in a solution of 2.5 mol/dm* NaOH +
0.2 mol/dm? NaF + 0.1 mol/dm? NaCl from the classes
of surface purity (V3,V5,V7) at temperatures of
293-298 K for 1 hour.

The change in this histogram indicates a significant
influence of the state of the alloy surface on the rate of
its interaction with the alkaline-halide medium. The
metal surface is in contact with the solution in the
form of plates with different surface roughness (with
dimensions R,,,, = 2.5-10 pm). For such a surface, the
weight loss of AK7 alloy increases with decreasing
class of its purity.

The behavior of the samples (Fig. 5) is determined
by the size of the average values of the radii of the
protrusions and depressions of the investigated
surface. As the purity class decreases from to, the
dissolution rate of the alloy increases 2 times and is
equal V7 to V5 480 g/m? - hand 1 000 g/m? - h, and
for the surface of the 3rd class increases to 1 400 g/
m? in 1 hour.

According to fig. 5, the hydrogen evolution rate is
similar to the data relative to the rate of dissolution of
the alloy. In the 3rd class of surface purity, the rate of
synthesized hydrogen is 1 245 - 10* per 1 hour, but
it should be noted that this surface roughness is in
demand in industry in smaller quantities and therefore
its deficiency indicates an economic justification for
this choice. Thus, the technologically correct purity
class for the synthesis of hydrogen by the interaction of
the alloy AK7 with alkali-halide solutions is the surface
of the 4-5th purity class. At this sample roughness, the
rate of hydrogen evolution is 830 - 10° per 1 hour.

Conclusions. The results of these studies allow
us to identify ways to address an important issue,
the essence of which is to obtain and use hydrogen
in energy and in everyday life. In the study of this

Fig. 3. Surface structure of AK7 alloy after mechanical
polishing with purity class V5

Fig. 4. Surface structure of AK7 alloy after mechanical
polishing with purity class V7
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Fig. 5. The dependence of the dissolution rate of the
alloy AK7 on the surface purity class:
1-V3;2-V5;3-V7

issue, the use of aluminum alloys AK7 for hydrogen
production by interacting with an alkaline halide
solution, which solves the problem of obtaining an
environmentally friendly and economically feasible
energy source, as the reaction of dissolving aluminum
alloys by depolarization by hydrogen or oxygen, ie
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implementation of this method hydrogen synthesis hydrogen production by the interaction of aluminum
does not require complex design solutions. alloys brand AK7 with alkali-halide solutions to

Prospects for further research are the design obtain high-quality and environmentally friendly fuel
and implementation of the technological process of that can be used to produce thermal energy.
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3aodisxa H.A., KanynnikoBa H.O., Bykarenxo H.O. BIIVIUB KIHETUYHUX [TAPAMETPIB HA
BUJIIJTEHHSA BOJHIO IIJISIXOM B3AEMO/II CIIVIABY AK7 3 JIYKHO-TAJIOTEHIJTHUM
PO3YNHOM

Y pobomi sueuascs eniue KinemuyHux napamempis Ha eqheKmusHiCms 8UOLIEHHSA BOOHIO WIAXOM 83AEMO-
0ii’ tueapnozo antominiesozo cniagy mapku AK7 i3 pozuunamu nampiro 2iopokcudy 3 oomiwkamu Gmopuo-
HUX [ XI0PUOHUX akmusamopis. Jlosedeno akxmugyrouy 0itlo Gmopuonux i X10pUOHUX I0HI6 KOHYEeHMPayiamu
0,2 monv/om’® ma 0,1 monv/OMm® na pozuunenns antominiesoco cnaagy AK7 3a ix oomouachol npucymnocmi 6
posuuni NaOH xonyenmpauyicio 2,5 monw/om’® 3a memnepamypu T = 293-298 K. Pezyromamu ompumanux
0anux 003601510Mb 30LbWUMU NPOOYKMUBHICTb npoyecy 3a 8600Hem V 10 pazie y nopieHsanui 3 nonepeouimu
oocnidamu. 3a makux KOHYeHmpayitl wmeuoKicmo eudinents 600Hio cmanosums 1,12 v ¢ nepepaxynxy na 1
M npomsicom 1 200uHU, WO OAE MONCTUBICING OMPUMAIU NEPCREKMUBHL PE3VIbMAMU 8 00CPHCAHHI CUHME30-
8aH0O20 2a3Y U 8MITUMU MAKULL CNOCIO y NPOMUCTIO8] Macuimadu.

Memodamu cmamucmuynoi 00poOKU eKCnepuMeHmanrbHuUX OaHUxX po3paxo8ari CNie8iOHOULEHHS MIdiC UBUO-
KICIIO KOPO3IHO20 Npoyecy, WMeUOKICMIO 8UOLIEHHS 600HIO MA OCHOBHUMU NOKAZHUKAMU 83AEMOOIL YMO8 11020
posuunenns. Ompumani pecpecitini cnieBiOHOULEHHs GUHAYAIOMb HAUOLIbUL MEXHOLO2IUHI 3AKOHOMIDHOCTI
BNIUBY JIVHCHO-2ATI02EHIOHUX KOMNOHEHMI8 PO3UUHY U YACY NPOBEOEHHs OOCHIONCeHb HA NOKASHUKU UBUOKO-
cmetl pozuunenns cnaasy AK7 i eudinenus 600nio npomseom 1 2oounu.

Busnaueno, wo weuokicmo 63aemooii cnaagy AK7 i3 1yscHO-ean02eHIOHUMU POZYUHAMU MAKOIC 3dle-
HCUMB 810 KILACY YUCMOMU NOBEPXHI. YcmaHos1eHo, wo nio 4yac 3sMeHuleHHs Kadcy Yucmomu 8i00y8aemucs
picm nOKA3HUKA WBUOKOCTI POZUUHEHHS CNA8Y U 30LNbUYEMbCA WEUOKICIb 8UOLTEHHS 800HIO, WO NOSACHIO-
€MbCsL HAABHICHIO PO3MIDI6 CepeOHIX 3HAYeHb GUCIYNIG | BNAOUH HA OOCAIOHIU NOBEPXHI 3DA3KA.

Obrpynmosano 6ubip 00pPAHO20 MEXHON02IYHO20 KAACY YUCMOMU NO6ePXHI, sKuil cmanosums V5.
s nogepxui 3 makow wOPCMKICMIO NOKA3ZHUK WBUOKOCHI PO3UUHEHHS ANIOMIHIEB020 CNIABY CMAHOBUND
1 000 2/m? npomszom 1 200unu, a weuokicme sudinenns 600nio dopisuioe 830 cm’ 3a 1 200uny.

Knrouosi cnosa: cunmes 860010, po3uun ayey, 2aioeeHiou, cnias AK7, Ximiune po3uunenHs, Kiac 4yucmomu
NOBEPXHI.

203



