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Abstract: In this article, in the process of melting a steel alloy in an induction furnace, cast products 

were obtained based on technology that ensures resource saving, which was mainly achieved by 

reducing the melting time and developing the procedure for loading the slag into the furnace. Also, 

resource-saving technology is aimed at obtaining high-quality molten bulk products. 
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INTRODUCTION 

Steel is obtained from the raw materials of cast iron and small solids in steel production furnaces. There 

are three main methods of melting liquid steel: marten, oxygen converter and electric furnace 

steelmaking. Melting in Marten furnaces is outdated, economically and environmentally unprofitable. 

Alternative methods are steel melting in oxygen converters and modern electric arc furnaces. Today, 

they have about the same thawing time of the same power, averaging about 50 minutes [1-4]. Converters 

and modern electric arc furnaces produce not finished steel, but a semi-finished product that matches 

steel in terms of carbon and phosphorus content. This semi-finished product is then processed into 

quality steel. In addition, steel is poured into continuous casting machines and steel ingots are obtained 

[5]. 

Steel is produced by performing a number of technological operations aimed at achieving the finish of 

melting [6], various complex physico-chemical and physical processes carried out in a certain sequence 

or in a certain combination. 

The ultimate goal of melting in any steel melting furnace is to obtain liquid steel of a certain chemical 

composition (brand) and temperature data with labor, material, raw materials and fuel - energy 

resources. 

The most difficult task is to obtain a certain chemical composition of the finished steel, because it is 

necessary to carry out a large number of complex physico-chemical and physical processes. Most of 

them are difficult to manage [7], and some are not clearly regulated. 

Due to the nature of modern melting in foundries, it is divided into two main parts, which are carried 

out continuously and often at different working volumes: 

 metal refining (the main task is to reduce excess carbon and phosphorus in the steelmaking furnace); 

 return - alloyed metal (reducing excess oxygen, sulfur and dissolved gases (hydrogen and nitrogen) 

from the steel, alloying and modification, it is important to bring the chemical composition of the 

steel to the values specified by the brand. This stage is often carried out in steel production by 

processing outside the furnace and in vacuum [8-12]. 
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This division is due to the incompatibility of the purification and recovery processes [13]. Processing is 

mainly carried out by oxidation of alloys (oxygen is introduced into the metal). Reduction is the 

reduction of excess dissolved oxygen from the metal. 

Heating the metal to a certain temperature is the second most difficult task in steelmaking. It is very 

important to ensure simultaneous heating of the metal and cleaning from oxidizers [14-16], because only 

carbon is removed from the metal at the last stage of cleaning. During this melting period, the main task 

is to decarbonize the metal and synchronize the heating processes. 

MATERIALS AND METHODS 

If the induction furnace is designed as a crucibleless furnace (Figure 1), the inductor is located outside 

the crucible in the form of a cylindrical copper tube. The charged material in this crucible is exposed to 

the electromagnetic field created by the current passing through the copper coil [17]. This field induces 

irregular magnetic field currents in the metal. These magnetic field currents move the metal atoms 

relative to each other and eventually heat up and melt the metal. 

 

Fig. 1. 3D diagram of an induction furnace without a crucible 

Such without a crucible induction furnaces achieve efficiencies of over 80% for ferrous materials and 

over 70% for highly conductive materials such as copper or aluminum, provided the inductor is made 

of highly conductive copper and must be made of non-conductive textalite to prevent current from 

passing through the transformer plate layers to provide a return path for the magnetic field [18-23]. 

Alternatively, an induction furnace can be built based on the principle of a channel-type furnace (Fig. 

2). In this case, the induction furnace works on the basis of a two-inductor type inductor (Fig. 3). The 

liquid solution is heated according to the principle of a short-circuit transformer. The copper inductor 

forms the primary winding and the liquid metal channel forms the short-circuited secondary winding. 

The short-circuit current of the transformer then flows through this channel, and its erratic movement of 

the magnetic fields in turn heats the metal. The efficiency achieved using this electric principle is 10-

15% higher than the crucibleless furnace principle [24-25]. However, it has the disadvantage that the 

liquid metal cannot be completely discharged from the furnace, which limits its versatility with respect 

to alloys and performance. 
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Fig. 2. A drum-type induction furnace for 

melting steel on the principle of a channel-type 

furnace 

Fig. 3. Two-inductor channel induction furnace 

[26] 

 

RESULTS 

The main advantage of a crucibleless furnace is that significantly higher results can be achieved. As a 

result, stainless steel furnaces are successfully used for iron and steel with a capacity of more than 20 

MW and a melting rate of more than 40 tons per hour. 

Even though induction furnaces can operate carbon-free when powered by renewable electricity sources, 

foundries that use them still strive to minimize electricity consumption. This is done taking into account 

sustainable resource savings, as well as increasing the profitability of foundries and semi-finished 

products, especially in the context of rising energy prices. About 500-560 kW/t for smelting iron and its 

alloys, that is, energy costs are often a decisive factor in the production of ingots and semi-finished 

products. 

Ensuring resource conservation in the induction furnace steelmaking process includes optimizing energy 

consumption, minimizing material waste, and increasing overall process efficiency. Induction furnaces 

are highly efficient at melting steel due to their ability to generate heat directly in the metal through a 

magnetic field, resulting in better control and efficiency compared to conventional furnaces. Key 

strategies to ensure resource savings in induction furnace operations: 

Improving energy efficiency 

Precise temperature control: Induction furnaces allow precise temperature regulation, which helps 

prevent the metal from overheating or overheating. Overheating wastes energy, and under heating the 

alloy can result in poor quality steel. Choosing the right temperature can minimize energy consumption. 

Advanced power management: Using advanced power systems with dynamic control algorithms can 

reduce unnecessary power consumption. For example, adjusting frequency and power based on steel 

content and desired melting temperature can optimize energy consumption. 

Heat Recovery Systems: Heat recovery technologies can capture and reuse heat from furnace waste. 

This energy can be used to preheat the solids or the furnace, reducing the need for additional energy 

input. 

CONCLUSION 

In conclusion, achieving resource savings in the induction furnace steelmaking process requires 

advanced technological solutions, efficient operational practices and regular process optimization. By 

integrating intelligent control systems, using high-quality inductors, using energy-saving technologies 
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and minimizing material losses, steelmakers can significantly reduce resource consumption, lower costs 

and improve the stability of the overall smelting process. 
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