
«КОМПЛЕКСНЕ ЗАБЕЗПЕЧЕННЯ ЯКОСТІ ТЕХНОЛОГІЧНИХ ПРОЦЕСІВ ТА СИСТЕМ - 2025» 
 

35 

UDC 621.793.3 

Sereda B.P., Doctor of Technical Sciences, Professor 

Guliaiev K.V. 

Skrebkov K. A. 

Suslov I.V. 

Zyuzin E.P. 

Udod A.M. 

Dniprovsky State Technical University, Kamianske, seredabp@ukr.net 

FORMATION OF MULTICOMPONENT COATINGS IN THE CONDITIONS OF SHS 

The current stage of development of science and technology involves the intensive creation of 

materials with a qualitatively new level of performance properties, which is achieved by using 

both new physical and chemical processes and new combinations of known methods to produce 

materials. Therefore, one of the promising areas where the method of self-propagating high-

temperature synthesis is used is in the application of functional coatings to structural materials. 

The main element of all heat-resistant coatings is aluminum, which is used to form a protective α–

Al2O3  oxide coating [1].  

Silicon is essential, as it is introduced to increase heat resistance to high-temperature oxidation 

and salt corrosion. Since heat resistance does not depend on the structure but is determined by the 

chemical composition, the use of the SHS phenomenon allows for a higher content of alloying 

elements such as silicon, titanium, chromium, and aluminum, which increases heat resistance. All 

known methods of producing alitized coatings are characterized by high energy consumption. At 

the same time, the SHS technology can dramatically reduce the duration of the process, which 

leads to a reduction in the cost of the product. Alloyed alitized coatings produced under isothermal 

conditions have a more porous surface (FeAl phase is present), through which oxygen penetrates 

to the steel surface. Compared to coatings produced under isothermal conditions, the heat 

resistance of alloyed alitized coatings produced under SHS conditions is 1.27-1.31 times higher, 

which can also be explained by the higher concentration of chromium, aluminum, silicon, and 

titanium, which contribute to the formation of protective oxide layers of SiO2, TiO2, Cr2O3, Al2O3. 

The thermodynamic modeling in multicomponent saturating compaunds during alitization under 

SHS conditions was carried out. It was found that in the temperature range of 700-1500 K, the 

decomposition products of activators (AlF3, NH4I, NH4F) react with alloying elements included in 

the SIS blends, with the formation of gaseous compounds AlH, AlH2, AlH3, AlF, AlF2, AlF3, 

AlHF, AlH2F, AlI, AlI2, AlI3, TiOH, TiF, TiF2, TiF3, TiF4, TiOF2, TiI, TiI2, TiI3, TiI4, TiOF, Cr, 

Cr2, CrO, CrH, CrOH, CrF, CrF2, CrF3, Crl, Crl2, Crl3, SiH, SiH2, SiH3, SiF, SiF2, SiF3, SiHF, SiI, 

SiI2, SiI3, SiN. The following phases were obtained during chromium alloying of alitized coatings 

on steel 20 and industrial iron: Fe2Al5, Fe3Al + aqueous solution of Cr, Al in Fe; on steel 45 and 

U8 phases: (Сr,Fe)23C6 (Cr,Fe)7C3 + aqueous solution of Al and Cr in α–Fe, Fe2Al5, Fe3Al. The 

obtained alloyed alitized coatings do not contain the brittle FeAl phase, which is present in all 

coatings obtained under isothermal conditions, which can be explained by the nonstationarity of 

the SHS process. The metallographic researches carried out in this work have shown that the 

alitized coatings obtained under the conditions of thermal self-ignition of SHS mixtures are 

uniform, which increases heat resistance. 

References 
1. Поверхневе зміцнення конструкційних матеріалів з використанням композиційних 

насичуючих середовищ: монографія / Б.П. Середа, І.В. Кругляк, Л. П. Банніков, С.В. Нестеренко, 

О.С. Гайдаєнко, Д.Б. Середа. - Кам'янське: Дніпровський державний технічний університет, 2019. - 

170с.  

 


