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The purpose of the dissertation is to study the possibility of obtaining a 

metallized product from an ore-coal dispersed mixture for its further use as a charge in 

steel production and the development of its technology. 

 

Research objectives 

‒ preliminary sampling, study of chemical and granulometric compositions of 

iron-containing technogenic raw materials; 

‒ conducting thermodynamic analysis of obtaining a metallized product; 

‒ obtaining an oiled sludge from oiled rolling scale for further use as a 

component of the charge to obtain a metallized product; 

‒ conducting laboratory studies to obtain a metallized product, developing 

technology. 

 

Research methods 

The main methods of research and analysis used in the performance of 

dissertation work include:  

‒  The study of chemical and granulometric compositions of iron - containing 

technogenic raw materials and charge components was carried out by studying 

chemical analysis and granulometric composition; 

− using the method of orthogonal planning of experiments to build a 

mathematical model to determine the optimal parameters of the experiments, 

thermodynamic modeling was performed using the HSC-5.1 software package, the 

Reaction Equations subprogram of which allows you to calculate ∆H, ∆S, ∆G  and Kr 

reactions, and the Eqluilibrium Compositions subprogram allowed you to simulate the 

interaction in the studied system with an equilibrium quantitative distribution of 

substances in the system under study; 

− the sludge was obtained from oiled rolling scale using a vacuum filter and a 

tubular furnace. The obtained parameters ensure sufficient oil removal regardless of 

the amount of starting oil in the scale; 

− the process of obtaining a metallized product was carried out in two stages: 1) 

solid-phase reduction of a mixture of rolled scale with converter sludge with carbon in 

a horizontal tubular electric furnace SUOL-045; 2) remelting of the resulting 

metallized product in a Tamman furnace. A study was also conducted to obtain a 

metallized product based on JSC "Qarmet". 

 

The main provisions (proven scientific hypotheses and other conclusions 

that are new knowledge) submitted for defense 



‒ the results of the study of chemical and granulometric compositions of iron-

containing technogenic raw materials, a mathematical model for planning experiments 

for obtaining a metallized product; 

‒ the results of the thermodynamic analysis of obtaining a metallized product; 

‒ the results of laboratory production of an oiled sludge from oiled rolling scale 

for further use as a component of the charge to produce a metallized product; 

‒ the results of laboratory studies conducted to obtain a metallized product, X-

ray phase analysis, technology development and construction of a technological 

scheme for obtaining a metallized product. 

 

Description of the main results of the study 

As a result of theoretical and experimental studies: 

‒ a study of the mechanism and kinetics of the reduction of metals from solid 

oxides by solid carbon was carried out; stoichiometric carbon costs for the reduction 

of metals were calculated; 

‒ a mathematical model was built, as a result of which the optimal ratios of 

consumables for conducting experiments were determined; 

‒ a complete thermodynamic simulation was carried out and the effect of 

temperature on the change in Gibbs free energy during the interaction of iron oxides 

with carbon was studied. A complete thermodynamic analysis of the interaction of a 

mixture based on concentrate, sludge, and rolled scale with solid carbon was also 

carried out. It has been established that practically all iron Fe (98-99%) passes into the 

elemental state at a temperature of 1000 ºC. Analyzing all the data obtained, during the 

interaction of concentrate (LGMC, SSGPO), converter sludge, rolling scale with solid 

carbon, it is possible to obtain elemental iron at temperatures in the range of 1000-1100 

ºC; 

‒ experimentally, a semi-product in the form of a precipitate with an oil content 

of less than 1 % was obtained from oiled rolling scale for further use as an important 

component in the production of high-quality steel; 

‒ laboratory work has been carried out to obtain a metallized product. As a result 

of the reduction, a metallized product (resembling spongy iron) was obtained with a 

degree of metallization exceeding 92% and a FeO content of 7,84-11,31%. The amount 

of metallic Fe after recovery at 1000 ºC is 92% (in LGMK 92,7%, in SSGPO 98,4%). 

After analyzing the quality of the samples obtained, it was concluded that the metal 

obtained from a mixture of concentrate, rolling scale and converter sludge has minimal 

harmful impurities and a smaller amount of slag was formed during its melting. Based 

on the analysis of the results of experimental studies on the preparation and reduction 

smelting of ore-coal charge based on rolled scale and converter slurries, a technology 

for their processing for the smelting of high-quality steel has been developed; 

‒ a technological scheme for obtaining a metallized product from a dispersed 

ore-coal mixture has been constructed. 

 

Substantiation of the novelty and importance of the results obtained 

Scientific novelty of the dissertation work: 



- for the first time in the process of processing metallurgical waste, a metallized 

product for steel production was obtained as a mixture of rolled scale and converter 

sludge; 

- for the first time, a mathematical model for obtaining a metallized product from 

a technogenic dispersed ore-coal mixture was constructed, the effective parameter for 

obtaining a metallized product by thermodynamic modeling was determined; 

- as a result of large-scale laboratory work (on the basis of JSC "Qarmet"), an 

optimal technological scheme for obtaining a metallized product has been proposed. 

The research results obtained on the basis of the dissertation work have the 

following practical significance: 

- reducing the cost of steel by including a metallized product from a dispersed 

ore-coal mixture in steelmaking; 

- cleaning of metallurgical waste from land plots occupied by dispersed ore-coal 

mixtures; 

- processing of oiled rolling scale and converter sludge, completely discharged 

into ash and sludge accumulators, in the conditions of JSC "Qarmet".  

The practical values of the above-mentioned dissertation work make it possible 

to significantly increase the volume of their processing (dispersed ore-coal mixture, 

rolled scale and converter sludge), as well as reduce the environmental burden in places 

of concentration of harmful waste. 

 

Compliance with the directions of scientific development or government 

programs 

The topic of the dissertation corresponds to the specialized scientific direction 

"New multipurpose materials based on natural raw materials and man-made waste" and 

the priority "Geology, extraction and processing of mineral and hydrocarbon raw 

materials, new materials, technologies, safe products and structures" of the National 

Scientific Council under the Government of the Republic of Kazakhstan. 

 

Description of the doctoral student's contribution to the preparation of each 

publication 

The author's personal contribution consists in carrying out the main volume of 

theoretical and experimental research outlined in the dissertation work, including the 

development of theoretical models, experimental research methods, research, analysis 

and presentation of results in the form of publications and scientific reports. 

8 scientific papers have been published on the topic of the dissertation, including: 

3 (three) articles in peer-reviewed scientific publications on the scientific direction of 

the dissertation topic, indexed in the Science Citation Index Expanded database Web 

of Science (Clarivate Analytics) and CiteScore in the Scopus database (Elsevier);           

4 (four) articles in collections of International and Republican scientific and practical 

conferences and 1 (one) monograph. 
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