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Abstract                                                                                                                               

This article proposes the formation of composite polymeric oxide coatings on steel 

grade 09G2S using the method of plasma-electric oxidation in order to increase the 

adhesion properties of the metal of the running parts of highspeed rolling stock while 

driving at low temperatures.  
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Introduction                                                                                                                                                                

High-speed trains, when moving in low temperatures, are often accompanied by icing 

of their running parts, which can lead to accidents and catastrophic situations. Icing 

does not occur if the skin has a positive temperature or drops of water with a 

temperature above 0 °C fall on its surface. Ice formation is assessed by the degree of 

icing, which is understood as the thickness of the overgrown ice. The effectiveness of 

ice removal work is affected by the freezing strength of ice with the surface, which 

depends on the cohesion of the adhesion forces between ice particles and adhesion − 

the adhesion forces of ice with the surface. The amount of cohesion is determined by 

the composition of the water from which ice is formed, and the number 

намораживанияof ice freezing cycles, and adhesion is determined by the interaction 

of ice with the surface. In the autumn-winter period, it is extremely important to know 

the period of possible icing. The icing period is limited to the upper and lower limits. 

The upper limit indicates the beginning of icing and is determined by the atmospheric 

temperature of 0 °C, with a relative humidity of at least 95 %. Reducing the air 

temperature from 0°C to -18 °C causes icing. At temperatures below -18 °C, the water 

content decreases significantly due to the crystallization of supercooled droplets. 

According to this icing is possible in the temperature range from 0° C to -18 °C (80-

85 % of icing cases). Methods of de-icing are divided into mechanical, physico-

chemical and thermal. Mechanical is the direct removal of ice by hand or the use of 

various mechanical systems. In practice, in order to reduce the adhesion of ice to the 

surface, various coatings, special lacquers and paints, or separately applied 

substances (for example, based on fats or paraffins) can be used.  

Coatings were formed on the 09G2S alloy in galvanostatic mode at a current density 

of 0.05 A/ cm2 for 20 minutes. The "initial" coating was formed in the base electrolyte 

(0.05 mol/lNa2 SiO3 × 5H2O + 0.05 mol /l NaOH), the "Emulsion" coating was 

formed in the base electrolyte +100 ml/l siloxane acrylate emulsion. Complex aqueous 

electrolytes of the suspension-emulsion were prepared in two stages. First, a given 

amount of siloxane-acrylate emulsion (100 ml/l) was mixed with a corresponding 

amount of differently dispersed (the particle size of the main fraction is about 1 µm) 

PTFE powder (20 g/l, 40 g/l, 60 g/l). The mixture was thoroughly mixed with a 

magnetic or mechanical stirrer for at least 10 minutes, which ensured that the 

particles of PTFE powder were wetted with a siloxane-acrylate emulsion. The second 

step was mixing the resulting mixture with the base electrolyte (0.05 mol/lNa2 SiO3 

* 5H2O + 0.05 mol /l NaOH). The finished electrolyte was a complex aqueous 

suspension-an emulsion with a dispersed phase formed by microcapsules in which 

insoluble solid particles of PTFE located in the" shell " of a siloxane-acrylate emulsion 
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are homogeneously distributed in an aqueous dispersion medium. From the above 

data, it can be seen that the coating formed in the base electrolyte, the coating 

obtained in the electrolyte with the addition of an emulsion, and the coatings 

containing PTFE in their composition have approximately the same ice adhesion 

strength of ~840 kPa. 

The electrochemical cell for plasma-electrolyticия oxidation consisted of a glass 

beaker (1) with a volume of 800 ml, which was filled with electrolyte (2), and a tubular 

coil (4) made of stainless steel. The coil was connected to the negative pole of the 

current source, so that it served as a cathode, while the sample (3) on which the 

coating was formed was connected to the positive pole of the current source.  

The thickness of the coatings was measured with an eddy current thickness gauge VT-

201. The eddy current control method is based on the analysis of the interaction of an 

external (relative to the test sample) electromagnetic field with the electromagnetic 

field of eddy currents induced by an exciting coil in an electrically conductive control 

object (the test sample) by this field. ТолщиномерThe VT-201 thickness gauge allows 

measuring coating thicknesses from 2 to 1100 microns. The limit of the permissible 

absolute basic error does not exceed (0.03 d + 1.0) microns (where d is the value of 

the measured thickness) when the device is used correctly. Thickness measurements 

were performed at randomly selected 10 locations on each side of the sample. Along 

with changes in the thickness, composition, and hydrophobicity of the surface, an 

increase in the concentration of PTFE powder in the electrolyte leads to noticeable 

changes in the surfaceof the formed coating.  

Additional introduction of PTFE powder into the electrolyte initially leads, at powder 

concentrations of 10-30 g/l, to the enlargement of surface formations and at 

concentrations of 50 g/l or more – to the formation of a cellular fused structure. Tests 

of ice adhesion to the surface were evaluated on a laboratory-assembled installation 

simulating the separation of a frozen water drop from the surface (Figure 5). The 

installation was assembled on the basis of a metal rail, on which two racks are 

mounted: one is equipped with electronic scales that work on tension; the second is 

equipped with video equipment that allows recording the readings issued by the 

scales. The principle of operation of the unit is as follows: the unit is placed without 

equipment and scales in the freezer at a temperature of minus 18 °C, a sample is fixed 

on the rail, on which a drop of distilled water is placed and an indenter is lowered into 

it, strictly vertically using tweezers fixed to the rackиндентор. After 20 minutes, after 

the drop has solidified, carefully remove the tweezers that held the indenter (the 

indenter is now fixed with ice in the frozen drop), install the scales on the rack and 

connect them to the indenter. 
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Conclusions 

1. A method for forming composite polymer oxide coatings on steel grade 09G2S by 

plasma-electric oxidation is proposed.  

2. This method allows you to protect metal from ice formation on the surface of the 

running parts of high-speed rolling stock at low temperatures that prevent freezing of 

the components of the rubbing parts of the brake and load-bearing elements of the 

train.  
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