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Thermodynamic Processes During Crystallization and Formation of Segregation in 
High-strength Cast Iron Castings 

The purpose of this work is to clarify the role of Gibbs energy accounting in crystallization and 
formation of liquidation in modified high-strength cast iron. 

The article presents the calculation of the interfacial distribution coefficients of silicon and manganese 
between austenite and the liquid phase of the alloy. The obtained dependence of the relationship between the 
distribution coefficient of the third element Xi and the temperature change of the austenitic-graphite eutectic for 
the systems Fe-C-Xi (Xi = Mn, Si). It is shown that silicon concentrates in austenite and liquor in the center of 
dendrites. In this case, manganese is concentrated in liquid and liquor to the periphery of the dendrite. The role 
of Gibbs energy change in the redistribution of silicon and manganese between a liquid and austenite is 
substantiated. It is revealed that element saturate the phase, whose Gibbs energy decreases more strongly from 
the impurity of the element. This leads to a decrease in the Gibbs energy of the entire system and determines the 
magnitude of the distribution coefficient of silicon and manganese between the phases. 

The nature of the Gibbs energy change is found to determine the direction of the redistribution of silicon 
and manganese between liquid and austenite. Silicon or manganese is also saturated with a phase whose Gibbs 
energy decreases more strongly from one of these elements. It has been shown that silicon concentrates in 
austenite and eliminates in the center of the dendrite while manganese concentrates in the liquid and eliminates 
the periphery of the dendrite. 
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Investigation of the Effectiveness of Coatings on the Basis of Zinc and Aluminum in 
Chloride-sulfide Media 

The aim of the study is to investigate the effectiveness of protective coatings: hot galvanizing, 
metallization aluminum and combined metal polymer: metallization aluminum with epoxy coating for possible 
protection against hydrogen sulfide corrosion. 

To determine the possibility of protection steels from hydrogen sulfide corrosion and corrosion 
cracking, zinc coatings, applied with hot dip galvanizing, metallized aluminum coatings, applied by electro-arc 
spraying and combined metallization aluminum + epoxy in media of different aggressiveness were investigated. 
It is shown that the application of zinc coating on 20 steel increases the corrosion resistance on average in 1.5 
times in model sea water (MSW) without hydrogen sulfide and almost in 2 times in the MSW saturated with 
hydrogen sulfide compared with that for non-coated 20 steel. In the NACE solution, the corrosion resistance of 
samples with zinc coating is sharply reduced, which indicates the inexpediency of the use of such coatings in 
acidic environments. Examples of aluminum coatings showed high corrosion resistance in MSW with different 
content of hydrogen sulfide and in NACE solution: the corrosion rate of steel with aluminum coating is reduced 
in ~7.3 times in the MSW saturated with hydrogen sulfide and in ~1.7 times in NACE solution compared to the 
corrosion rate of steel without coating. 

Investigation of the susceptibility to stress corrosion cracking showed that samples with an aluminum 
coating showed higher resistance to hydrogen sulfide stress corrosion cracking than samples without coating. 
And samples with a combined coating (metallic aluminum + Jotamastic 87GF) showed better protective 
properties than samples with aluminum coating. Aluminum coatings applied by the method of electric arc 
spraying on 20 steel and combined coatings can be recommended for the protection of metal surfaces in 
hydrogen sulfide media of different aggressiveness. 
 coating, hot galvanizing, electric arc spraying, hydrogen sulfide, corrosion rate, corrosion cracking 
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