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Abstract 

Currently, it is known that infrasonic axial fluctuations affect various properties of metals. We conducted 

experimental studies to study the resistance of metals to corrosion in the field of infrasonic axial impacts. The 

subject of the study was the change in the properties of the surface of metals. It is established that when 

exposed to low frequency axial fluctuations in the range of 2-60 Hz occur changes in the processes of surface 

treatment of metals. Experimentally, optimal frequencies were found at which the effect of low frequency 

fluctuations becomes max. At the same time, each system under study has its own optimal experimentally 

detected frequency. Absorption spectroscopy is used to obtain results for the next systems: HCl – H2O2 – Cu; 

FeCl3 – Cu; KI – I2 – Cu; HCl – H2O2 – Al; KI – I2 – Fe. 

The use of the experimentally developed method of low frequency axial action allows increasing the speed of 

metal surface treatment up to 5 times. The study of the interaction of metals with electrolyte solutions in the 

field of low frequency fluctuations allows us to create new measures of protection against corrosion, as well 

as to develop new technological processes and solutions for surface treatment of metals and alloys for further 

implementation in the production process.  

Keywords: Low frequency acoustic effects, processing of metals, kinetics, sonochemical processes, optimal 

frequencies 

1. EXPERIMENTAL PART 

The main direction of research is to use low frequency vibrations to affect the surface of metals. The most 

promising processes are surface treatment of such structural materials as alloys and semiconductors. The 

prospect of using the results obtained is application in the processes of metal surface treatment: polishing, 

milling and etching. 

To conduct experiments, an Electromechanical installation was created, which is an oscillating system 

(oscillatory circuit) [1-7], consisting of an oscillating mass, elastic and dissipative elements. The characteristics 

of the experimental installation are shown in Table 1. 

Table 1 Characteristics of the experimental installation 

Parameters 
Specific power 

(W/cm2) 
Amplification 

The frequency 
range (Hz) 

Resonance frequency 
(Hz) 

Values 3 – 7 7-10 1 – 100 42.8 

We used etching solutions taken from everyday practice. To detect changes in the studied systems, the 

method of absorption spectroscopy of aqueous solutions was used. The optical density of aqueous solutions 

of the studied compounds was measured before and after exposure to low-frequency vibrations of the 

infrasound and the beginning of the sound ranges (0-100 Hz). We used a PE-5400V spectrophotometer with 
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a measurement range from 335 to 1100 nm. The qualification of the substances taken for the experiment is as 

follows: hydrochloric acid - p =1.19 g/cm3; hydrogen peroxide-up to 30%; iron chloride solution - C = 400-600 

g/l, pmin = 1.3 g/cm3; Ki - I2 solution prepared according to the standard method. In the case of copper, printed 

circuit boards with various carriers were used as objects: getinax GF-135 and foiled glass-fiber composite SF-

1-35. The sample for conducting experiments in the case of iron was the metal of the "Armco" brand. Aluminum 

was used as a foil used in the manufacture of capacitors. 

2. MEASUREMENT RESULT 

We have found that vibrations of the infrasound and the beginning of the sound (up to 100 Hz) significantly 

affect the kinetics of metal surface treatment processes. When conducting systematic research, it was found 

that low frequency vibrations could cause acceleration of metal surface treatment processes from 2 to 5 times.  

One of the results of the presented work is the proof of the existence of a dependence of the metal etching 

speed on the frequency of the affected vibrations. It was found that for all the studied systems, there is an 

optimal frequency of exposure, at which the etching rate becomes maximum. It was found that the influence 

of low frequency vibrations begins at a specific power of at least 3 W/cm2. At lower power, low frequency axial 

vibrations only affect the electrolyte. This was taken into account when determining the effect of the 

topochemical process. And this is shown in (Figure 1).  

 

Figure 1 The etching rate of copper printed circuit boards with KI-I2 solution in the infrasonic range with a 

frequency of 15 Hz and various specific radiation powers: 1 - control solution of the etchant in the absence of 

metal; 2 - control solution containing copper, but not exposed to vibration; 3–8 - solutions under the influence 

of vibrations with different specific powers (3 - 3.5 W/cm2; 4 - 4.4 W/cm2; 5 - 5.25 W/cm2; 6 - 6.125 W/cm2; 7 

- 7 W/cm2; 8 - 7.9 W/cm2) 

For (Figure 2) experimental data are presented for copper and iron when etched with a KI-I2 solution at the 

same specific power. Thus, the change in the optical density of solutions without external influence is 4 times 

less than when using low-frequency axial vibrations. 

Low frequency vibrations of the same power lead to different results depending on the metal. This may be 

because of low-frequency vibrations act not only on metals, but also on the products of etching on the surface 

of metals. This is due to the selection of the frequency and power of exposure shown in (Table 2) when using 

various etching solutions for surface treatment of each metal under study. 
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Figure 2 The rate of etching of copper (2, 4) and iron (3, 5) with a KI-I2 solution in the infrasonic range with a 

frequency of 15 Hz and a specific power of 7 W/cm2: 1 – a control solution exposed to vibrations, but without 

metal; 4, 5 – solutions with metal, but without the action of vibrations. 

Table 2 Recommendations for the use of low-frequency vibrations to optimize the surface treatment of      
metals 

System 
Concentration of 
components (g/l) 

Optimal frequency 
(Hz) 

Specific power 
(W/cm2) 

Area of use 

Etching of copper 

H2O2 150 40 ± 1 5 Etching of copper 

HCl: H2O2 1:1 40 - 45 3 - 5 
Etching of printed circuit 
boards 

HCl: H2O2 1:2 50 - 60 
3 - 5 Etching of printed circuit 

boards 

FeCl3 400 - 600 50 3 - 5 
Etching of printed circuit 
boardsм 

KI 150 - 250 
30 

5 - 7 Photochemical milling and 
polishing 

I2 300 - 600 3 - 7 

The etching of iron 

KI 120 - 180 
40 

5 - 7 Etching, corrosion 
resistance testing of 
coatings I2 350 - 500 3 - 7 

HCl: H2O2 2:1 55 3 - 5 
Etching, milling and 
polishing 

Etching of aluminium 

HCl: H2O2 2:1 35 ± 1 5 
Increasing the specific 
capacity of capacitor 
elements 
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3. DISCUSSION OF RESULTS 

The use of low-frequency axial vibrations creates favorable opportunities for studying a number of physical 

and chemical interactions, such as diffusion, sorption, hydration, formation and destruction of surface 

compounds in topochemical reactions [8-12]. This was not known before, since the energy equivalent of 

vibrations of the infrasound and the beginning of the sound ranges is quite small [13-16]. The influence is 

manifested in changes in the conditions of physical and chemical interactions and allows us to study the 

features of the mechanism of ongoing reactions. The obtained research results are important both for 

understanding etching processes and for the problem of metal corrosion resistance. Analyzing the result 

obtained, we can conclude that the frequency of the applied vibrations is a characteristic parameter of 

corrosion failure.  

This conclusion can be applied in the following areas: 

1) development of structures and their operation taking into account the results obtained. It makes sense 

to exclude or minimize the possibility of dangerous frequencies that contribute to the occurrence of 

corrosion damage.  

2) сreating technologies and installations where low-frequency vibrations can play an important role in 

metal surface treatment. 

3) the use of etchants that show little activity with conventional technology, but become very active if 

etching is performed using low-frequency axial influences. 

The discovered effect of increasing the speed of chemical interactions in the field of low frequency axial 

vibrations has not only practical, but also important theoretical significance.  

4. CONCLUSION 

The applied value of this work is to develop recommendations for the intensification of technological processes, 

primarily the use of vibration and infrasound for etching, milling and polishing the surface of metals, alloys, 

semiconductors and other materials during homogenization, as well as for shifting the chemical kinetic 

equilibrium in one or another direction of the reversible process. 

Theoretical analysis of the results obtained allowed us to determine the main features of the action of low-

frequency vibrations on processes in liquid media. Prior to the present research, the principal differences 

between the effect of low-frequency vibrations on topochemical reactions on the surface of metals and alloys 

and the action of higher-energy waves were not clear. As a result of the research, a method for studying 

heterogeneous processes in the field of low-frequency impacts was created.  
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