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Abstract: The paper studies the influence of asymmetric AC on
the speed of obtaining nanosized powder of nickel oxide. It is
established that the maximum rate of formation of powder is
observed when the ratio of anodic to cathodic density is equal to 2.5.

Production of nanosized powders of nickel oxide and creation of
nanocomposites based on it is an important direction of development of modern
nanotechnology. Nanodispersed powder of nickel oxide is used as electrode
material in catalysis, including the synthesis of nanocarbon materials as active
element of gas sensors. High-performance super frequency dielectrics is
developed on the basis of complex mixtures of oxides of nickel and cobalt.

Nanodisperse powders of nickel oxide are obtained in various ways:
precipitation pyrolysis, organometallics, copolymerization, sol-gel technology,
hydrothermal synthesis, deposition of urea, carbonates of alkali metals and
ammonia. These methods are conventionally divided into three groups:
chemical, physical and physical-chemical methods.

Most of the described methods of obtaining nanosized powders of metals at
the current level of development can neither control the growth of particles to
obtain nanosized particles of definite composition and of the same size, nor
synthesize powders with desired physical and chemical properties, except with
the prior metal powders at a constant current. However, if the method is
complicated by the use and maintenance of expensive equipment for rectifying
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alternating current (AC), production increases. Thus, an important objective in
the development of production technology of ultrafine environments is the
transition from the stage of accumulation of data and empirical processing
technologies to the stage of production of nanosized structures in a strictly
controlled environment.

Electrolysis using the AC is a new promising direction of synthesis of
nanoscale powders of oxides of metals. Directed electrochemical synthesis is
one of convenient and affordable ways of forming metal-containing powders.
The use of electrolysis is an environmentally friendly and cheap process; it
allows you to create new materials with desired physical and chemical
characteristics.

Alternating current is widely used in various fields of production. The use
of AC makes it possible to carry out a variety of redox electrochemical
reactions in solutions with or without the participation of the material of
electrodes. In particular, the electrolysis with alternating current involves the
processes of destruction of metals with the formation of nanosized powders.

The use of various forms of AC significantly intensifies the processes of
anodic dissolution, eliminates passivation of electrode, and simplifies the
production technology of nanodispersed powders. It was found that for the same
current densities, the voltage when using the AC is almost twice as low as when
using a direct current (DC), which makes the process energetically more
favorable [1]. Besides, it was found [2] that the particle size and
characterization of the porous structure of the materials during the AC process
sets parameters of the electrolysis (density AC, composition and concentration
of the electrolyte solution) and the subsequent processing modes. Therefore,
under certain process parameters it is possible to obtain nanosized powders with
desired properties.

The study of the electrochemical oxidation of metals with the use of AC is
important for finding effective conditions for the synthesis of pure metal oxides,
and determining the corrosion resistance of structural metallic materials under
the influence of the currents of industrial frequency. Regularities of the
processes on metals, occurring with the use of alternating current, are complex
and insufficiently studied.

The effect of alternating current on the rate of dissolution of metals was
reviewed in the literature [2 — 9]. The published materials contain experimental
data on the dependence of the dissolution rate of metals on the frequency and
density of the alternating current, composition and temperature of the
electrolyte.

The passage of alternating current through the electrolyte solution is not
supposed to decrease or increase the mass of the electrodes. When you change
the direction of the current, the amount of metal passed into solution in the
anodic half-cycle is compensated by the amount of metal deposited in the
cathodic half cycle. However, there are many examples showing the possibility
of destruction of metals by symmetrical alternating current [2 —9]. Such a
process is possible when changing the polarity of the current, the product of the
anode reaction is not fully recovered in the cathodic half-cycle.

YHVUBEPCWUTET um. B.1. BEPHALCKOIO. Ne3(61). 2016. 177



During electrolysis [3], the use of alternating current causes the change of
the electrode potential under conditions far from equilibrium, resulting in the
occurrence of a number of electrode reactions. Thus, it becomes possible to
form oxide products with different degree of oxidation of the metal. The cycle
polarizing voltage causes two sequential processes on the surface of the
electrode: the first is the formation of oxide nuclei (anodic half-cycle current);
the second is the discharge of protons to produce hydrogen, which contributes
to the removal of oxide particles from the surface (cathodic half cycle current).
Assuming that the anode half-cycle mechanisms of nucleation are the same as
the DC, then we should expect the formation of nanosized structures because
the stages of formation of centers of growth are limited by the frequency of
changing polarity of the electrodes. In the cathodic half-cycle, the current of the
oxide film does not have time to recover fully due to the difference of speeds
forward and reverse reactions. Nanosized particles, due to weak adhesion
forces, detach from the surface of the electrode and move into the electrolyte
solution, forming a colloidal system.

As known from the literature [8, 9], the use of asymmetric alternating
current allows for significant intensification of the process of anodic dissolution
of metals. A special installation was designed to obtain an asymmetric AC with
different amplitude and the same duration of half-cycles of anode and cathode
currents.

We studied the effects of ratios of values of the densities of the currents in
the positive and negative half-cycles in the destruction of nickel.
The experiments showed that nickel electrodes where the value of the current
density in the negative half-cycles of current is less than in the positive half-
cycles begin to break down more rapidly.

Table 1 presents the experimental data on the dependence of the rate of
consumption of nickel on the magnitude of the ratio of i, and i, 17 M sodium
hydroxide solution. As can be seen from the above data, the dependence of the

rate of consumption of nickel from

Table 1 46 cathode current density (i) at

The values of the flow rates of Nickel constant value of the anodic current
at different ratios of the densities density (ia =25 A/sz) passes
of the currents in the cathode

through a maximum (i, = 1 A/em®).
and anode half-cycles

At current densities in the cathode

The current density, A/cm® half-cycles of less than 1 A/cm® the
K, mg/(em’h)  intensive potentials of hydrogen
I, I, )

evolution are not reached and
2.5 2.5 25 decline in the mass of the electrodes
2.5 2.0 35 is reduced. When the current density
25 15 4 in the cathodic half-cycle is more
than 1 A/cm’® the reduction in the

2.5 1.0 64 ) .
rate of consumption of nickel can be
23 0.5 35 explained by the fact that the
2.5 0.1 5 electrode is an intensive evolution of
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hydrogen, the oxidation in the anodic Table 2

half-cycle of the consumed current. The elemental composition
Accordingly, the share of current of the nickel oxide powders
leading to the formation of oxides obtained at different modes
decreases. The maximum rate of the i =025
consumption of nickel was observed i Ao | i=i=25 a;: )5 ’
when the ratio of the current density in a e S 2' 5’
the cathodic and anodic half-cycles L3
was equal to 2.5. Ni 39.93 48.08
The ratio of the current density i, O 58.30 49.82
and i, affects not only the rate of Impurities L.77 2.08
consumption of nickel in sodium O/Ni 1.46 1.01

hydroxide solution, but also the color
of the resulting powders. So when 7, >0.25 A/cm” in all cases black powders

are obtained, and when i, < 0.25 A/cm’ the color of powders becomes greenish,
which corresponds to the formation of nickel oxides with a lesser degree of
oxidation (Table 2).

Thus, by setting the ratio of the current density in the cathodic and anodic
half-cycles, one can obtain nanodispersed powders of nickel oxide with a
specific chemical composition.
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HNuaTencudukanus npouecca NoJy4YeHUs HAHOAUCIIEPCHBIX IOPOLIKOB
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AnHoTanus: PaccMoTpeHO BIUSHHE aCHMMETPHYHOTO MEPEMEHHOTO
TOKa Ha CKOPOCTh MOJYYCHUSI HAHOJMCIIEPCHOTO TOPOIIKA OKCHAA HUKETIS.
YCTaHOBIIEHO, YTO MaKCHMaJIbHAs CKOPOCTH 0Opa30BaHMS IOPOIIKa HaOII0-
JIaeTCsl P COOTHOIIIEHUU aHOAHOW TUTOTHOCTH K KaTOJHOM, paBHOM 2,5.
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