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Abstract: Representation of the effect of the obtained results of the studies connected with the use of the 

inductance-capacitance device in the galvanic circuit on the process of the deposition and properties of the 

coatings owing to the change in the initial spectrum of the variable components of the current. The analysis of 

the works devoted to the effect of the magnetic and electric fields and applying of the alternating current on the 

direct current during the deposition of the coatings made it possible to support the opinion on the influence of 

hydrodynamic effect  on the polarization of the electrode and, hence, on the properties of the coatings. In 

addition, the dynamic state of the electromagnetic field was found to facilitate synchronization of the stages of 

the electrochemical process and affect the electrolyte properties. 
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1. INTRODUCTION 

Recently, the experimental works devoted to the estimation of the effect of the parameters of the 

inductance-capacitance device which was included in the galvanic circuit on the deposition process 

and coatings‟s properties were carried out extensively. The latter require discussion and generalization 

to estimate the role of the variable components of the current in deposition of the coatings. 

It was shown in the published works that the use of the inductance-capacitance device (ICD) in the 

galvanic circuit, in which inductance (L) and capacitance (C) are connected in parallel  and the device 

itself is connected in series, makes it possible to influence markedly the kinetics of the process (the 

cathode polarization, the spectrum of the current variable constituents (VC)), the current efficiency, 

structure, physical and mechanical properties, as well as to increase the rate of the coating deposition 

by enhancing the current density (ik) [1--4]. In the case of using only L, the smoothing of pulsations of 

the power supply source (PS) and the current VC takes place. At Lopt the cathode potential 

maximally shifts towards the negative region, and in this case a decrease in the current efficiency 

occurs.  

Joining the capacity reactivates the pulsations of the PS and current VC, whose amplitude value 

increases at Copt and the constituents with a higher frequency appear in the spectrum which 

characterises increase in the activity of the process [5]. Under these conditions of the deposition, the 

cathode potential shifts toward the positive region with respect to its value in the absence of the 

inductance-capacitance device, and its current efficiency increases. It was found that the change in the 

cathode potential during the deposition in the presence of the ICD was observed for ~40 min since the 

beginning of the plating and also within such a period after its finish, which attests to the effect of the 

variable constituents on the structure of the solution. In addition, at Lopt and Сopt the number of 

crystallization centers icreases, their morphology differs substantially, the sizes of the aggregates of 

the sediments decrease, the microhardness increases, and the wear resistance of the coatings improves 

[3, 6, 7].  

The aforementioned supports the fact that the changes in L, C values affect substantially the 

deposition process and the properties of the sediments. 

2. DISCUSSIONS AND GENERALIZATIONS 

These results of the study can be explained taking into account the theoretical and experimental works 

that were performed to define the effect of the magnetic and electric fields, the applying of high 

frequency currents on the primary current during the deposition of the galvanic coatings [9-22]. 
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In the deposited copper under the magnetic field, the changes in the surface and crystalline structure 

morphology can be attributed to the effect of the Lorentz force on the magnetic hydrodynamic (MHD) 

convection [9, 10]: fМНD = μ0Zev1xН, where μ0 is the absolute permittivity of the medium; Z is the 

ion charge; e is the electron charge; v1 is the ion velocity; and H is the intensity of the magnetic field.  

As is seen from the above expression, fМНD depends on the charge and the ion motion velocity in the 

electrolyte solution, on the magnetic field intensity, as well as the location of the force lines relative to 

the electrode surface. The highest effect of the force lines is found to be parallel to the electrode 

surface. 

Resulting from the MHD convection the rate of the deposition increases because of the ion mass 

transfer, the change in pH of the near-cathode layer, the adsorption of ions on the electrode. It is also 

affected by the gradient of the magnetic field (MF) and paramagnetic force, which depends on the 

magnetic susceptibility of ions of the metal and the MF induction.  

In the case of copper deposition, due to the MHD convection, a high concentration of Cu2+ ions near 

the electrode surface is maintained, which intensifies the deposition process, enhances the rate of 

nucleation due to reduction in the diffusional limitations. The increase in the number of the nucleation 

centers occurs because of the decrease in the sizes of the diffusion zones (zones of impoverishment) 

due to the increase in the mass transfer rates. 

A similar effect on the deposition process can be also achieved using the electric field (EF) [11]. If the 

EF is perpendicular to the interphase boundary, then at the intensity of ΔЕ ≠ 0 the motion of a liquid 

is possible due to the change in a surface tension of the liquid in the region of a higher ΔЕ and the 

induction effects induced by the electric conductivity. Such motion of liquid results from the 

electrodynamic force (fehd), which depends on the density of free charges in the bulk or on the 

surface of the liquid, the electrical constant in the liquid or in the region of the interpase boundaries, 

or the coefficient of the surface tension. 

The analysis of the formation of a microdynamic flow of liquid in the region of a double layer and the 

effect of the electric field intensity Е1 on the electrode surface, the macriscopic velocity Vc of the 

liquid was assumed to be defined by a summary effect of the impact of pulses of low molecular ions 

on the total mass of the liquid (at Е1≠0 for a single ion of fehd = zeE1) [11].  Thus, the macrodynamic 

phenomena in a double layer are affected substantially by the electric field induced by the electric 

charge of the surface of the phase interfaces and a summary spatial charge of ions in this region. 

To study the question under discussion the results that are obtained in the process of applying the 

pulsed low currents (up to 1 A) on the primary current are of significant interest [12--18].  

The generator with an antenna fixed rigidly to the electrode was used for this purpose. It feeds the 

element with unipolar and rectangular current pulses with a frequency of 30--3000 kHz. The 

deposition process is most highly influenced by the amplitude-frequency characteristics of the current 

and by the mode of connection of the generator with the system. Taking into account that the variable 

constituents of current and the electromagnetic field can actuate mechanical oscillations (acoustic 

waves) in the condensed medium, the electromagnetic principle was also used for the generation of 

acoustic field. On the basis of the analysis of the theoretical and experimental results of the study, the 

rate of the processes was inferred to be defined by the driving forces, which ensure movement and 

create a condensed inequilibrium medium (to which electrolytes belong) of a self-maintained type, 

which is able to exist independently in a power generating medium also in the case of appearance of 

new fluctuations (the effect of kinetic memory discovered experimentally). This effect can be induced 

by physicochemical transformation of a structure and chemical properties of a uniform product in a 

limited space of a reactive medium. 

All closed and open systems are influenced by the electromagnetic and acoustic noises with various 

intensities, which are revealed only at the level of self-maintained dissipative structures. But it is just 

enough to use a generator of regular noises in order to make the inequilibrium processes ordered in 

space and time. In this case, the kinetics of the processes becomes well-ordered as a rule, the product 

is uniform and a stochastic noise plays the role of an autoregulation signal. The pulses of the 

generator induce mechanical vibrations (acoustic) in the conductor, which agree with the frequency of 

the generator, and frequencies and pulses are transformed in the open inequilibrium system due to the 

intersection of the waves. In the active medium with an internal power supply source the non-linear 
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processes occur, and the wave intersection leads to an amplitude growth. Most likely, the mechanism 

of the ultrasound effect is connected with the parametric resonance at certain frequences at which the 

acoustic wave induces an increase in the reactive parameters of the medium.  

The character of the layers of the solution can be explained on the basis of the structures of the self-

maintained type: first, self-organizing formations are developed with stable molecules, radicals and 

ions, which compose their own various functional properties. In turn, the latter form synchronous 

stable groups, which are able to respond in the form of resonance to a periodic controllable weak 

signal, and under its influence, a system of elements is created with anomalous kinetic properties of 

intensive and extensive transference into the reaction zone, which results in the increase in the rate 

and energy efficiency of physico-chemical processes and uniformity of the properties of the products. 

The reduction in the entropy production under these conditions was shown.  

The increase in the rate of electrochemical processes during the applying of the high frequency field 

can also be explained by the effect of synergic coherency of electrochemical and electrodynamic 

processes inelectrolytes [18--22]. The coherency of the processes is possible as a result of the   

combined passage of several wave processes in time and space and is expressed in a regular constancy 

of connection between the phases, frequencies, polarizations, amplitudes of these waves and also the 

formation of steady extended objects that have a strictly ordered spatial structure. Between the field of 

the charged plasma of substance and the electromagnetic field there is a connection, and, therefore, 

the coherency between the wave modes and electromagnetic field occurs as a result of condensation 

of photons into the extended uniform statistical object with a topological peculiarity in a physical 

space. Mechanism of developing of this peculiarity of the object can be attributed to the laws of 

quantum motion of plasma components of the substance. Thus, these mechanisms are physico-

chemical. These objects contain the electron plasma of the subjects, and the coherency of 

electrochemical and electrodynamical wave processes arise inside the objects as a result of action of 

the electromagnetic field inside the electron plasma of the electrolyte. During the condensation of a 

great number of quanta of electromagnetic field and in the presence of the effect of the long wave 

modes we can observe a strictly coherent motion of microparticles of plasma (electrons, ions, atoms, 

and molecules) inside the object at meso- and macromagnetic levels. 

Atoms and electrons in the condensed medium can participate not only in the quantum-mechanical 

motion, but in the macroscopic (hydrodynamic) motion and at the same time maintaining their 

quantum properties at the mesolevel of multiparticles. 

In the presence of volumetric macroscopic modes of a charge transfer in plasma, a macroscopic 

current of the charge is found to occur in which the mechanism of a resonance of the currents appears 

to be at certain frequencies of the electromagnetic field, since the electric system has macroscopic 

properties of capacity and inductance. 

A substantial increase in the rate of the electrochemical processes during the applying of a high 

frequency field in the range of dozens and hundreds of MHz is connected not only with the change in 

the quantity of the current carriers of the system, but also with a structural reconstruction of the 

electrolyte. The presence of H and OH can lead to establishing hydrogen bonds between the 

characteristic radicals of the electrolyte. The effect of the RF-field will be more efficient under the 

conditions of a resonance-equality of the field frequency and the frequency that characterizes the 

hydrogen binding. 

Taking into account the distinction of a cluster structure in the electrolyte and the layers adjucent to 

the electrode, the difficulty occurs in selecting a parametric mode considering its effect on volumetric 

and near-the-electrode processes. Therefore, it is next to impossible to choose a common frequency of 

the alternating current that affects maximally the controlled parameters of the coating. So, in this case 

it is necessary to use compromise values of the frequence of the applied current, which provide for the 

conditionally optimal characteristics of the galvanic coatings. 

The use of the inductance-capacitance devices makes it possible to influence the characteristics of the 

initial variable components of the spectrum. Thus,  in the case of the deposition of chromium coatings 

from a standard electrolyte using the ICD at the optimal parameters of L, C  an increase in the 

amplitudes of the current variable components was observed in most of the spectrum components, 

which is characteristic for the poly-frequency resonance. These conditions markedly influenced the 

cathode polarization, “current efficiency”, structure, microhardness and wear resistance of the 

coatings [3, 7]. 
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3. CONCLUSIONS 

On the basis of the aforementioned, it can be assumed that under the influence of the spectrum of the 

variable constituent under formation with the ICD being used, the electromagnetic field is found to be 

formed, which influences the degree of the hydrodynamic effect in the galvanic process. As a result, 

the electrode polarization changes, and, hence, the conditions of formation of the structure and 

properties of the coatings change as well. A dynamic state of the field most obviously facilitates 

synchronization of the stages of the electrochemical process that develops the resonance effect, as 

well as affects the electrolyte structure connected with an increase in the number of the charge carriers 

which accelerates the deposition rate and develops the formation of the electrolyte „memory‟.  

Thus, varying inductive, capacitive parameters we can deposit coatings with different physico-

mechanical properties, which in most cases cannot be developed applying the modern extensively 

used conditions of electrolysis. 
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