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The purpose of the dissertation. Physico-chemical substantiation of 

obtaining self-fluxing powder surfacing material based on iron by mechanical 

activation. 

Research Objectives.  

To achieve the purpose of the study, the following tasks were solved: 

1. Theoretical substantiation of the possibility and prospects of the process of 

mechanical activation of an iron-based powder composition for obtaining a 

surfacing alloy. 

2. Thermodynamic calculation of physico-chemical transformations in an 

alloy of Fe-Ni-Cr-Cu-Si-B-C. 

3. Selection of optimal technological parameters of the mechanical activation 

process for obtaining a self-fluxing powder surfacing alloy based on iron for gas-

flame surfacing. 

4. Study of structural and phase transformations in a surfacing alloy occurring 

during mechanical activation. 

5. Investigation of the physico-chemical features and mechanical properties of 

the coating obtained by the method of gas-flame surfacing. 

6. Development of technology for obtaining a wear-resistant coating from a 

self-fluxing surfacing alloy based on iron for gas-flame surfacing, showing the 

possibility of using the method of mechanical activation. 

Research Methods.  

The following types of instruments and analyzers were used in the research: 

- thermodynamic modeling of phase transformations was carried out using 

computer calculation of characteristic polythermal sections of the alloy phase 

diagram using the Thermo-Calc software package (TCW5 version), based on 

numerical modeling of phase equilibrium by CALPHAD method and using the 

TTFe - Thermotech Fe-based Alloys Database; 

- a planetary mill MPP-2-1K was used for mechanical activation of the 

powder mixture; conglomeration was carried out in a high-temperature chamber 

furnace model LH15/12 (Nabertherm); gas-flame surfacing was carried out with a 

propane-oxygen burner in one pass; 



- sample preparation was carried out using a Secotom-50 rifling machine, a 

tabletop grinding and polishing machine Tegramin-25/-30; 

- X-ray phase analysis was carried out on a diffractometer D8 ADVANCE 

"Bruker Elemental GmbH" on copper radiation at an accelerating voltage of 36 kV, 

a current of 25 mA using the DIFFRAC plus SEARCH phase search program; 

- the study of the structure, particle distribution and mapping of the elemental 

and phase composition of samples after mechanical activation and deposited 

coating was carried out on an electron probe microanalyzer JXA-8230 from JEOL 

(Japan) at an accelerating voltage of 25 kV and an electron beam current of up to 

100 nA; 

- thermal analysis of the surfacing powder was carried out using a 

synchronous thermal analyzer TG-DTA/DSC with a quadrupole mass 

spectrometer: STA 449 F3 Jupiter ® "NETZSCH" (Germany); 

- metallographic analysis of coating samples obtained by gas-flame surfacing 

was performed using an optical microscope NEOPHOT – 32; 

- measurements of mechanical properties were carried out using a PMT-3 

hardness tester, a 2070 SMT-1 machine to determine wear. 

Main provisions (proven scientific hypotheses and other conclusions that 

are new knowledge) submitted for defense: 

The following provisions are submitted for the defense of the dissertation 

work: 

- Results of thermodynamic calculations of phase transformations in the alloy 

40%Fe-30%Ni-16%Cr-5%Cu-5%Si-3%B-1%C. 

- Data on physico-chemical transformations in the alloy 40%Fe-30%Ni-

16%Cr-5%Cu-5%Si-3%B-1%C under various modes of mechanical activation. 

- Results of experimental and theoretical consideration of the influence of 

charge processing conditions in a planetary mill on the formation of structure and 

physico-chemical properties. 

- Physico-chemical properties of a wear-resistant coating obtained by flame 

spraying of an iron-based surfacing alloy. 

- Technological scheme of manufacturing a self-fluxing surfacing alloy by 

mechanical activation for gas-flame surfacing. 

Description of the main results of the research. 

1 Polythermal sections are calculated on the phase diagram of the 40%Fe-

30%Ni-16%Cr-5%Cu-5%Si-3%B-1%C system to determine the critical 

temperature of the phase transformation in the alloy and the chemical composition 

of the phases formed in this case (α, β, β2, γ, γ2, L). The crystallization curve of 

the alloy is constructed.The results of thermodynamic modeling show that the 

microstructure of the deposited alloy becomes more complicated, and the phase 

composition changes as they fuse. The polythermal section showed that all 

components completely dissolve in the liquid phase at ~1400 °C. The temperature-

dependent nature of melt crystallization showed that the nonequilibrium 

crystallization of the melt passed into the equilibrium phase at 950 °C, which 

indicates the fine-grained structure of the coating.  



2 The optimal time is 20 minutes and the energy dose is at least 150-170 kJ/g, 

of the mechanical activation process, in which the particle size of the powder 

mixture is ~ 10-160 microns and the elements in the volume of the powder 

composition are evenly distributed. To enlarge the particle size to 60-140 microns, 

it is proposed to use the conglomeration method using 5% liquid glass as a binder. 

3 General regularities of the formation of the phase composition and structure 

of the 40%Fe-30%Ni-16%Cr-5%Cu-5%Si-3%B-1%C alloy during mechanical 

activation are established. When studying phase transformations in a powder 

composition, it was determined that after 1 min of mechanical activation, 

numerous new phases are formed and by 20 min the alloy turns out to be 

multiphase, including intermediate phases, intermetallides, carbides, borides. 

Thermogravimetric analysis of the surfacing powder showed that the temperature 

of the burner bath ensures complete melting of the composition, which is ~1400 ° 

C. 

4 General regularities of morphological changes of 40%Fe-30%Ni-16%Cr-

5%Cu-5%Si-3%B-1%C alloy during mechanical activation are established. The 

study of the granulometric composition, depending on the duration of mechanical 

activation in the time interval of 1-20 minutes, allowed us to establish the optimal 

process time – 20 minutes, at which the particle size is ~ 10-160 microns. The 

results of the study of the distribution of elements in the volume of the powder 

mixture, depending on the duration of mechanical activation, confirmed the 

selected optimal process time, because within 20 minutes, all the elements are 

distributed over the volume of the powder mixture completely evenly. 

5 The general regularities of the formation of the structure and mechanical 

properties of the coating obtained by gas-flame surfacing are established. 

Metallographic and microscopic analyses were used to determine the ferrite-

martensitic fine-grained structure of the coating with inclusions of ledeburite. map 

mapping has established that the distribution of elements over the volume of the 

coating and the boundaries of the surfacing with the substrate is uniform. The 

results of studies of the mechanical properties of the coating have established the 

value of the tensile strength of 50.66 MPa and the hardness of 546.96 HV. 

6 A technological scheme for obtaining a wear-resistant coating from a self-

fluxing surfacing powder material 40%Fe-30%Ni-16%Cr-5%Cu-5%Si-3%B-1%C 

has been developed, showing the possibility of using the mechanical activation 

method in obtaining surfacing materials for gas-flame surfacing.  

The justification of the novelty and importance of the results obtained. 

1) A new self-fluxing powder surfacing material based on iron has been 

created. 

2) The possibilities and prospects of mechanical activation of an iron-based 

powder composition for obtaining a surfacing material are theoretically 

substantiated. 



3) The technological parameters of the mechanical activation process have 

been optimized to obtain a new self-fluxing powder surfacing material for gas-

flame surfacing. 

4) The methods of research and analysis of the obtained products are selected. 

5) The structural and phase transformations in the powder composition 

occurring during mechanical activation have been studied. 

6) The structural features and mechanical properties of the coating obtained 

by the method of gas-flame surfacing are investigated. 

7) A technological scheme for obtaining a wear-resistant coating from a self-

fluxing surfacing powder material has been developed, showing the possibility of 

using the mechanical activation method in obtaining surfacing materials for gas-

flame surfacing. 

The totality of the results of the theoretical and experimental studies carried 

out will contribute to the development of new promising surfacing alloys based on 

iron, which have a high level of operational characteristics and are intended for use 

in the repair production of the machine-building industry. The resulting surfacing 

alloy 40%Fe-30%Ni-16%Cr-5%Cu-5%Si-3%B-1%C has passed experimental 

testing and is confirmed by the act of conducting experimental tests of the results 

of research work. It is shown that the use of a new wear-resistant surfacing powder 

alloy ensures the mileage of a freight car for two or more scheduled repairs. This 

indicates the suitability of the developed surfacing powder material based on iron 

for the repair of railway transport parts, in particular automatic coupling devices, 

by the method of gas-flame surfacing. 

The research carried out in the field of the tasks set ensures the production of 

a new self-fluxing surfacing powder material 40%Fe-30%Ni-16%Cr-5%Cu-5%Si-

3%B-1%C for gas thermal spraying. The developed technological process, which 

allows the use of mechanical activation, has an economic advantage over existing 

technologies based on the traditional metallurgical method. The developed new 

powder composition and the method of mechanical activation used allows to obtain 

in the future a wear-resistant coating with a hardness of 546.96 HV, which has a 

high applicability potential. 

The results of the study have novelty, practical value, significantly 

complement the existing ideas about the mechanism of mechanical activation of 

multicomponent powders and can be used to solve similar problems. The 

conducted review of scientific and technical literature allows us to conclude that 

the work corresponds to the modern scientific and technical level. The main 

research results have been published in peer-reviewed scientific journals 

recommended by the CCSON, as well as an article in a journal with a non-zero 

impact factor (included in the Scopus database). 

Compliance with the directions of scientific development or state 

programs.  



The dissertation work was carried out in the laboratory "Advanced Materials 

and Technologies" of JSC "Kazakh-British Technical University", within the 

framework of the program "Targeted development of university science focused on 

innovative results" for 2012-2014 on the topic "Development of a new alloy for the 

rehabilitation of critical components and parts of railway rolling stock", funded by 

the Ministry of Education and Science Republic of Kazakhstan. 
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