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1. Introduction – Modern materials used in various structures are subjected to mechanical loads or 

stresses, sometimes in combination with thermal - high-temperature heat flow, corrosion or erosion 

effects. Internal stresses lead to micro-, macro discontinuities in the structure of the refractory. The state 

of a thermally loaded body is determined by the magnitudes of stresses and deformation processes of the 

material [1,2]. We have developed a technology for producing carbon-containing refractories from 

metallurgical waste products based on self-propagating high-temperature synthesis (SHS), also known as 

combustion synthesis. During synthesis, chemical reactions that are sufficiently exothermic can 

spontaneously convert to refractory products upon initiation and propagate through the reactant mixture 

as a combustion wave. At temperatures of 1200 °C - 1500 °C, the reduced metals, interacting with 

carbon, form refractory carbides, which prevent the oxidation of graphite grains (3). The main purpose of 

refractories is to withstand thermal loads during heat transfer by lining heating, metal melts, slag and 

temperature changes that occur during the technological process. For this purpose, scientific research was 

carried out to determine the temperature stresses during one-sided heating of the refractory and the 

temperature distribution during the directed movement of the heat flow through the material. 

2. Experimental - The object of the study was a sample of carbon-containing refractory obtained in the 

solid-phase combustion mode using waste products from the production of a ferroalloy plant (wet gas 

cleaning dust – filter cake). Temperature measurement in hypothetical layers of refractories under various 

heating modes was carried out on the experimental setup for studying the change in temperature 

indicators, calculated specific heat fluxes and stresses in refractory carbon-containing SHS products up to 

1300 °C. Mechanical parameters were determined. The specific heat flux was determined by formula: Q 

= Q/α. The calculation of thermal stresses was carried out according to the formula: σ = (E·α·ΔТ) /1 – μ. 

3. Results and Discussion - The compressive strength of the sample was 15.1 MPa, open porosity - 

9.7%. The results of measurements of Young's modulus of elasticity and Poisson's ratio by averaged 

indicators are as follows: modulus of elasticity E - 0.013 106 MPa, Poisson's ratio - 0.2. 

 
Image 1 shows the processes occurring in the sample under slow thermal action on the working surface of 

the sample from 25 to 1300 ⁰С for 200 minutes of furnace heating. The curves show uniform specific heat 

fluxes in layers located at a distance from the working surface - 0.01, 0.035, 0.06 and 0.09 meters 

corresponding to their increase with increasing temperature and holding time. Image 2 presents of studies 

of the sample under conditions of accelerated heating of the working surface of the refractory, at 

temperature parameters: 700 ⁰С, 950 ⁰С, 1300 ⁰С are shown in Figure 3. The calculated curves obtained 

according to the experimental data of temperature changes in hypothetical layers show the general nature 

of the increase in temperature stresses up to 47.8-57.1 MPa. 

4. Conclusions - Studies of thermal stresses, specific heat fluxes of carbon-containing SHS refractories 

based on cake and magnesite wastes have been carried out. The highest thermal stresses are concentrated 

on the layers close to the fire surface of the carbon-containing refractory and reach 50-60 MPa with an 

increase in the heating rate, which can lead to cracking and a decrease in thermal stability. The 

distribution of thermal stresses and specific heat fluxes over hypothetical layers is shown graphically at 

slow (4.3 ⁰С/min) and accelerated modes of heating the test sample (35 ⁰С/min, 47 ⁰С/min and 55 

⁰С/min). 
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