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1. Introduction – Waste from the metallurgical industry is an important raw material to produce 

refractory materials. One of the problems is the waste of ferrous metallurgy in the form of bag filter dust, 

draft slag, ore dressing waste, etc. Certain types of waste and intermediate products are multiphase 

refractory and heat-resistant materials that are recyclable to produce refractory materials using the latest 

scientific advances. The multiphase composition of metallurgical waste requires the development of 

technologies that reduce the negative effect of low-melting substances and the obstacle to the formation 

of flux by combining additives and using various technological methods. The study of these wastes 

showed that, in combination with carbon, they can form compounds that are corrosion-resistant to the 

action of melts in the form of carbides, oxycarbides, and antioxidant complexes, which increase the 

resistance of free carbon to oxidation by atmospheric oxygen. The aim of this work is to obtain, by SHS 

or self-sintering, carbon-containing refractory materials based on waste and intermediate products of 

metallurgical industries. 

2. Experimental - Experiments were carried out to establish the possibility of synthesizing carbon-

containing SHS-composites based on various combinations of wastes and intermediate products of 

ferroalloy production: dust, cakes, slag, refractory scrap. Silica sol and 15% aqueous solution of MgSO4 

were used as a binder. The silica sol was prepared by hydrolysis of ES-40 ethyl silicate with a weak 

solution of sulfuric acid. Due to the good wettability of graphite by hydrolyzed ethyl silicate, at the first 

stage of mixing, it was added to graphite grains of fraction 0.5-2 mm, then layered graphite granules were 

formed by rolling with an exothermic composition, then a solution of magnesium sulfate was added, 

thoroughly mixed and compacted in a press to obtain a dense material. in the form of tablets using a press 

with a force of 30 kN. Then the samples were left on a special table for natural drying at room 

temperature 18–22 ° С for 24 hours and then dried at 100 ° С for 6 hours. After that, the samples were 

placed in a muffle furnace for SH synthesis, ignition was initiated at 950 ° C and continued for 2-5 

minutes. 

3. Results and Discussion - The main thermodynamic parameters were calculated: enthalpy ΔH, entropy 

ΔS, Gibbs free energy ΔG for all possible chemical equations arising during SHS in the temperature 

range 25 - 1650 ° C. 

Table 1. Basic thermodynamic characteristics for the proposed reactions 
Chemical reaction Thermodynamic characteristics 

ΔH, kJ ΔS, J/K ΔG, kJ 

MgCr2O4 + 2Al = MgO·Al2O3 + 2Cr -511,703 -26,795 -503,714 

7Cr + 3C = Cr7C3 -160,665 18,977 -166,323 

SiO2 + 2MgO = Mg2SiO4 -62,878 -0,223 -62,812 

Si + C = SiC -71,902 -8,075 -69,494 

2MgSO4 + 2Al = MgO·Al2O3+Mg+2SO2(g) -369,134 377,916 -481,809 

1,5Mg2SiO4 + 2Al = MgO·Al2O3 + 2MgO + 1,5Si -236,905 -28,439 -228,426 

2MgO + SiO2 + 2Al = MgO·Al2O3 + Mg + Si -185,051 -11,868 -181,513 

Scanning electron microscopy of the sample have been carried out (Image 1). The sample is an 

inhomogeneous substance with different image contrast (from dark and medium gray to bright). This 

indicates the presence of several compounds, differing in density and atomic mass. Dark large particles of 

carbon grains are observed (point 1). The gray areas (points 2 and 3) practically do not differ in 

composition and are represented mainly by oxides of aluminum, magnesium, and silicon and chromium 

carbides. In the bright region (point 4), in addition to the listed compounds, there is probably reduced 

ferrochrome and ferrosilicon. 

4. Conclusions - The main thermodynamic parameters and 

morphological analysis of the refractory’ sample were 

establisged.   
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