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INFLUENCE OF TEMPERATURE ON THE RATE OF RELEASE OF
HYDROGEN THROUGH THE INTERACTION OF AK7 ALLOY WITH
ALKALINE-CHLORIDE SOLUTION

The dissolution rates of the test alloy and the evolution of hydrogen depend on the activity of the components
of the test solution, which can be increased by changing the concentrations of sodium hydroxide and halide
activators, changing the surface roughness of the samples, applying additional mixing and temperature control.

This work is devoted to determining the effect of the temperature of the test solution on the rate of hydrogen
evolution by the interaction of the aluminum casting alloy brand AK7 with an alkaline-chloride medium. The
influence of the temperature factor was investigated in the intervals (293 + 323) K in a solution of sodium hydroxide
with a concentration of 2.5 mol /dm® with impurities of sodium chloride with a concentration of 0.1 mol /dm’.

The results of the research proved the activating effect of the temperature factor on the dissolution rate of
the AK7 alloy and, as a consequence, the rate of hydrogen evolution. When the temperature rises to 323 K
during the interaction of the alloy AK7 with an alkaline-chloride solution, there is a rapid increase in the rate
of hydrogen evolution by an order of magnitude compared to room temperature and equal to 1.25 m’ per 1 m?
per 1 hour. This behavior is due to the activity of the components of the test solution, which with increasing
temperature acts on the surface of the aluminum alloy accelerating the process of its dissolution and the rate
of hydrogen evolution reaches such large values.

The value of activation energy H for the temperature rang (303 + 323) K, which varies from 9 to 14 kJ/mol,
is calculated, which indicates the diffusion nature of the rate of interaction of the aluminum alloy brand AK7
with alkaline-chloride solution.

Using the software package MS Exel 2016, regression polynomial relations were determined, which
characterize the behavior of the dissolution rates of the sample and the indicators of the synthesized hydrogen
from changes in temperature in the alkaline-chloride solution.

Key words: hydrogen, AK7 alloy, the dissolution rate of the alloy, alkaline-chloride solutions, temperature,
hydrogen evolution rate, halides, chemical dissolution.

Introduction. The modern energy sector because it is almost not found in nature in pure form
needs development, which consists in the use of and must be extracted from other compounds by
environmentally friendly energy sources, which play  various chemical and electrochemical methods.
an important role in hydrogen production. Industrial To date, a large number of works on the synthesis of
synthesis of hydrogen is an integral part of its use, hydrogen, mainly for its use as an environmentally safe
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and alternative source of heat [1]. Its largest volumes are
obtainedbyhigh-temperatureconversionofcoalandnatural
gas [1-3]. However, the cost of this hydrogen increases
significantly compared to natural gas due to the need
for additional purification operations. Electrochemical
methods for producing hydrogen and methods of
depolarizing destructive dissolution of metals are used
to a lesser extent due to significant energy costs. The
cost of this hydrogen increases 5-8 times compared to
natural gas. Despite the high economic costs, hydrogen
production by thermoelectric depolarizing cycles and
electrolysis is constantly improved due to the high degree
of purity of the obtained hydrogen [4]. To reduce energy
and economic costs, a new method of hydrogen synthesis
has been proposed - the method of biocatalytic systems
[5]. However, its implementation takes a long time.

Modern methods of hydrogen production are
characterized by the high cost of the final product due
to additional purification operations, unsatisfactory
economic consequences, utilization of by-products of
the reaction, which inhibits the development of the
hydrogen industry.

Alternative methods of hydrogen synthesis are
chemical-thermal cycles by which hydrogen is
obtained by the interaction of some metals with
solutions, where they dissolve with the release of
hydrogen. One of the most promising in this regard is
the release of hydrogen by dissolving aluminum or its
alloys in alkaline solutions. Given the large volumes
of aluminum production, its use in the form of alloys,
production waste and lack of products can actually
reduce the cost of synthesized hydrogen by dissolving
these alloys in alkaline solutions [7].

Analysis of recent research and publications.
In [8] it is shown that when reacting with alkaline
solutions, aluminum and its alloys show thermodynamic
instability, which is associated with the destructive
process of the metal. When aluminum interacts with
alkali solutions, aluminate and complex hydroxide ions
[Al(OH),] are formed: at pH>11 the dissolution reaction
proceeds by a destructive mechanism with hydrogen
depolarization [2, 9-12]. Reactions of ionization of
aluminum proceed gradually, they include stages
of interaction of an oxide film with hydroxide and
dissolution of metal on the following reactions:

ALO,+2NaOH—2NaAlO,+H,0 (1)
Al+OH—AIOH,, +e )

AIOH, +20H—AIOOH+H,0+2¢  (3)
AIOOH+OH+H,0—[AI(OH),] 4)
H,0+e—H,, +OH- (5)
H,,+H,0+e—H,+OH (6)

The final product of reactions (1-6) is A1,0,H,0,
which can still be used in the production of aluminum,
but in [14-17] as an experimental alloy selected brand
AK7, which includes other impurities that affect the
stationary potential alloy, namely the shift to the
positive region due to the action of potentials and
impurities at a given pH.

The rate of interaction of the aluminum alloy brand
AK7 with alkaline solutions is slowed down due
to the presence of impurities in the alloy. It contains
6-8% silicon, as well as impurities of copper, iron,
manganese and zinc, which do not exceed 1.5%. When
the AK7 alloy interacts with alkaline solutions, all these
impurities form insoluble surface oxides of these metals
[14]. Such compounds are localized on the surface of
the alloy in the form of a porous and hydrated film,
which changes the composition and, depending on the
composition of the solution, the surface roughness of
the sample diffuses from its surface.

In [15-19] the results of the rate of hydrogen
evolution by the interaction of the alloy AK7 with the
classes of surface purity from V3 to V7 in alkaline-
halide solutions; the influence of fluoride and chloride
ions on hydrogen synthesis was determined. The
research results show that the most effective is the
simultaneous use of chloride and fluoride activators
with concentrations of 0.09 + 0.11 mol/dm*® and
0.19 = 0.21 mol/dm?, respectively, in a solution of
24 + 2.6 mol/dm® NaOH. Simultaneous action
of NaCl and NaF accelerators allows promising
use in hydrogen production, as the obtained data
on the specific dissolution rates of AK7 alloy are
10 times higher than the absence of impurities
and are characterized by the following wvalues:
AP=2321,43 g and V},,=1126,4-10° in terms of 1 m’
for 1 hour. The choice of the purity class of the
sample surface is substantiated. The technologically
selected surface roughness 1is recommended
for which V35, for which AP=1000 g/m?h, and
V,=830 cm’/h.

However, in works there are no researches of such
indicator as change of temperature of solution. It
can be assumed that by regulating the temperature,
the components of the solution will accelerate the
diffusion of the reaction products (metal oxides are
formed from impurities) from the aluminum surface,
increasing the rate of hydrogen evolution.

The aim of the work is to study the effect of
temperature on the rate of hydrogen evolution in an
alkaline-chloride solution containing 2.5 mol/dm?
NaOH + 0.1 mol/dm? NaCl.

Results and discussions. The effect of temperature
on the dissolution rate of the alloy AK7 is determined
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by the temperature dependence of the rate constant of
this reaction in diffusion or kinetic control according
to the exponential law of Arrhenius:

K(Am)=Ae "7, (7)
where K(Am) — the rate of change of the alloy mass,
g / cm? - h;; A — constant, which is equal to Am at
1/T=0; QO - activation energy; R=1,987 cal/mol
(8.31 J/ mol).

The logarithm of formula (7) allows to obtain
a linear equation of the dependence of the rate of
interaction of the aluminum alloy with an alkali
chloride solution from 7/T:

lgK=1gA4-(H/2,3037), ®)
where H — effective activation energy, which is
determined from experimental data.

According to M.P. Juka [20], the activation energy
of the destructive process is due to the kinetic nature,
which includes the formation of new compounds in
the aluminum alloy due to its significant values not
exceeding 15+ 20 kJ/g - mol, or purely diffusion
processes occurring on the surface of the reactive
alloy diffusion nature of the solution, reaction
products in the form of aluminum oxide compounds
and hydrogen evolution.

The logarithmic interpretation of the dependence
of the dissolution rate of the aluminum alloy AK7 in
alkaline-chloride solution on the effect of temperature
is shown in Fig. 1. The obtained interpretation allows us
to estimate the activation energy of the dissolution of the
alloy and the mechanism of hydrogen evolution, which
is associated with the interaction of the destructive
medium (solution) with the aluminum alloy.
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Fig. 1. Logarithmic interpretation of the dependence
of the dissolution rate of the AK7 alloy
in the temperature range (293+323) K

The calculation of the activation energy according
to Figs. 1 for the temperature range (303+323) K
varies from 9 to 14 kJ/mol, which indicates the
diffusion nature of the rate of interaction of the alloy
AK7 with an alkali-chloride solution.
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Fig. 2 shows the dependence of the rate of
hydrogen evolution during the interaction of the alloy
AK7 with an alkaline-chloride solution of NaOH
2.5 mol/dm? + NaCl 0.1 mol/dm® in the temperature
range (293+323) K for one hour.

Hydrogen release rate,
V H,, m¥m?-year

Temperature, X5, K

Fig. 2. The rate of evolution of hydrogen in alkaline-
chloride solution at temperatures (293+323) K

Fig. 2 indicates that with increasing temperature,
the rate of hydrogen evolution increases markedly:
at temperatures (293+303) K the rate of hydrogen
evolution is 0.16-0.28 m*/m? - h, and with its increase
to (313 = 323) K the rate of hydrogen evolution
increases to 0.61-1.25 m?® / m? - h, which is several
times higher than the alkaline solution, in which
activator impurities are absent.

The behavior of the specific dissolution rate of
the aluminum alloy is similar to the rate of hydrogen
evolution: with increasing temperature from
293 K to 323 K, the dissolution rate of AK7 increases
reaching values from 10.71 g/ m? - h (at T =293 K)
to 85.57 g/ m? - h (at T = 323 K).

The results of studies of chemical dissolution of
AK7 alloy in alkaline-chloride solution correspond
to polynomial functions and are interpreted by the
following equations:

— hydrogen release rate:

V,, =0,0013X2 - 0,7648X; + 112,65, )

— the dissolution rate of the alloy AK7:

AP =0,09X2 - 52,962.X, + 7804,7 ,
where X; — temperature, K.

The obtained equations (9), (10) determine
the change in the specific indicators of the rate of
hydrogen evolution in accordance with Figs. 2,
and the dissolution rate of the AK7 alloy, which is
affected by the reaction rate of the interaction of
aluminum with OH- and CI- ions. In addition, with
increasing temperature, the intensity of diffusion of
the reaction products of the aluminum alloy with the
solution also increases.

Conclusions. The results of these studies indicate
arapid increase in the rate of hydrogen evolution with
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increasing temperature of the alkali chloride solution.
Inasolution of 2.5 mol/dm*NaOH + 0.1 mol/dm* NaCl
at temperatures (303 + 313) K, the index V;, becomes
larger than the temperature of 293 K. This behavior
is due to the formation of significant activity of the
components of the solution, which with increasing

temperature act on the surface of the reacting alloy,
accelerating the process of its dissolution.

Prospects for further research are characterized
by the substantiation of technological parameters of
hydrogen production by the interaction of aluminum
alloy brand AK7 with alkali-halide solutions.
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3adisxa H.A., KanynnikoBa H.O., [Tupoxenko €.B., baiipaunnii B.b., Tuxomuposa T.C.
BIIJIUB TEMIIEPATYPU HA HIBUJAKICTb BUJAIJIEHHS BOJAHIO LHIJISIXOM
B3AEMO/II CILUIABY AK7 13 JIYKHO-XJIOPUTHUM PO3UHMHOM

Lllsuoxicms peaxyii posuunenms O00CAIOHO20 CHIAABY I GUOLLEHHST BOOHIO 3ANENCUMb GI0 AKMUBHOCI
KOMNOHEHMI8 00CAIOH020 PO3UUHY, KV MONICHA 30L1bUUMU, 3MIHIOIOUU KOHYEeHmpayilo 2i0poKkcudy Hampiio i
OOMIUIOK 2AN02eHIOHUX AKMUBAMOPIE, WOPCMKICIMb NOBEPXHI 3PA3KIB, A MAKOIC 3ACMOCO8YI0OUU 000AMKO8e
nepemiuy8ants i pe2yit08aHHs memMnepamypu.

Lo pobomy npucesaueHo 8UHAYEHHIO BNIUBY MEeMNEPAMypPU O0CIIOHO20 PO3UUHY HA WUBUOKICIb 8UOLIEeHHS
B00HIO ULTAXOM 83AEMOOIL ANIOMIHIEB020 MUBAPHO20 CNAA8Y MapKu AK7 i3 1ViCHO-XT0pUOHUM Cepedosulyem.
Bnaue memnepamypnozo pakmopy docnioxceno 6 inmepeanax (293+323) K y posuuni ciopoxcudy nampiio 3a
Konyenmpayii 2,5 moav/Om® i3 oomiwkamu xaopudy nampiro konyenmpayicio 0,1 mons/om’.

Haeseoeni pesynomamu docniodcens 0osenu akmugyiouy 0il0 memMnepamypHoco Gakmopy Ha weuoKicms
posuunennsi cniagy AK7 i, ik Haciiook, wieuoKicms eudiieHts 600H10. 3a nioguujenns memnepamypu 0o 323 K
nio uac 63aemooii cnnagy AK7 i3 1yscHo-X10pUOHUM PO3HUHOM BIOMIYEHO CMPIMKe 3DOCMAHHS WUBUOKOCTI
BUOLLEHHSL 60OHIO HA NOPSOOK NOPIBHAHO 3 KIMHAMHOW memnepamypoio, sike 0opishioe 1,25 m°, nepepaxosane
na 1 M 3a 1 200uny. Taka nosedinka 00CIiOH020 POZUUHY 3YMOBIEHA AKMUBHICIIO 1020 KOMIOHEHMIS, KA 3d
30inbUEeHH memnepamypu Oi€ Ha NOBEPXHIO ANIOMIHIEB020 CHIABY, NPUCKOPIOWOYU NPOYEC U020 POIYUHEHHS,
momy weuUoKicms 8UOLLEHHS B00HIO 00C2AE BETUKUX 3HAYUECHD.

Ilpeocmasneno pospaxynox eenuuunu emepeii axmueayii H ons inmepeany memnepamyp (303+323) K,
AKUL 3MIHI0EMbCSL 810 9 00 14 Kk/[oc/monb, wo éxazye Ha Oughysitiny npupoody weuoKocmi 83aemMooii anttominie-
6020 cniagy mapku AK7 i3 1yHcHO-XI0PUOHUM POZUUHOM.

3a oonomoeoro npoecpamnozco nakemy MS Exel 2016 susznaueno peepecititi NOIIHOMIANbHI CRIBBIOHOULEHHS,
WO Xapakmepusyroms NOBEOIHKY WEUOKOCMel DO3YUHEHHS 3PAa3Ky, [ NOKA3HUKU CUHME308AHO20 B0OHIO
3AN1eHCHO 8I0 3MIHU MeMNePaAmypU y IYHCHO-XIOPUOHOMY POZYUHI.

Knwuosi cnoea: sooems, cnias AK7, weuokicme po3uuHeHmHs CHIABY, JIVYHCHO-XIOPUOHI DO3YUHU,
memnepamypa, wWeuUoKicms UOLLEHHS B00HIO, 2AI02EeHIOU, XIMIUHE PO3UUHEHHS.
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