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Abstract: In this article, a mode of liquefaction of St3Gsp high – quality structural carbon steel 
alloy was developed for the liquefaction of high – quality cast products from steel alloys. In 
addition, the mode of liquefaction of steel alloy in an electric arc furnace was considered, in which 
improvement of the mechanical properties of high – quality steel alloy was achieved by 
introducing various fluxes and modifiers into the composition of the alloy during the liquefaction 
process. 
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Introduction 

It is noted that the main directions of the development of our country are the creation of 
radically new techniques, materials and advanced technological processes and their introduction 
into production, ensuring further acceleration of scientific and technical progress [1 – 2]. Improving 
the quality and assortment of metal for the specified purpose; increase production of new 
construction materials, coatings and products based on metal powders; development of the 
production of new polymer and composite materials with a set of required properties; wide use of 
low – waste, no – waste and low – operational technological processes; it is possible to use highly 
effective methods of processing, which provide a sharp improvement in the properties of metals and 
materials, and to implement a number of other measures [3 – 5]. 

Today, machine – building is the main consumer of metals produced in our country. In the 
machine-tool industry, in the automotive and aviation industry, in electronics and radio 
engineering, many machines and parts are cast from metals by casting method. 

Metals used in technology are mainly divided into two groups – ferrous and non-ferrous 
metals. Ferrous metals include iron and its alloys (cast iron, steel, ferroalloys). The remaining metals 
and their alloys make up the group of non – ferrous metals [6 – 7]. 

Until now, iron and its alloys, considered the main machine – building material, are of 
particular importance among metals. Iron and its alloys make up 90% of metals produced 
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worldwide. This is explained by the fact that ferrous metals have important physical and mechanical 
properties, as well as the fact that iron ores are widely distributed in nature, and the production of 
cast iron and steel is cheap and uncomplicated [8 – 12]. 

Along with ferrous metals, non-ferrous metals are also important in technology. This is 
explained by their unique important physical and chemical properties, which are not found in 
ferrous metals.  

Copper, aluminum, magnesium, nickel, titanium, tungsten, as well as beryllium, germanium, 
silicon and other non-ferrous metals are widely used in aircraft construction, radio engineering, 
electronics and other industries [13 – 15]. 

In the years since our country gained independence, the production of ferrous metals and 
their alloys has developed rapidly. Such materials make it possible to increase the service life of 
nodes, save rare metals and alloys, reduce processing costs and labor costs [16 – 17]. 
 
Material And Methods 

Today, electric arc furnaces are widely used for liquefaction of cast products from high – 
quality steel alloys. Therefore, an electric arc furnace consisting of a 10 kg base liner was selected in 
order to liquefy quality cast products from steel alloys in laboratory conditions. The diameter of the 
electrodes of the furnace is 40 mm, the length is 700 mm, and it is mainly designed for liquefaction 
in laboratory conditions.  

First of all, the chemical composition of St3Gsp quality carbon structural steel alloy was 
developed and solidified before liquefaction. The recommended chemical composition can be seen 
in Table 1.  

Table 1 
Recommended chemical composition of St3Gsp brand 

Brand С Si Mn P S Al Cr Ni Cu 

St3Gsp 
0.14 – 
0.2 

0.15 – 
0.3 

0.8 – 
1.1 

0,03 – 
0,04 

0,035 
– 0,05 

03 – 
05 

~0,3 ~0,3 ~0,3 

 
After the chemical composition of the steel alloy was developed, the furnace was put into 

operation. 
Before starting the furnace, it was checked that the working part of the furnace is ready for 

work. If there were cracked or eroded areas, these areas were covered with magnesite powder. Then, 
the furnace was loaded with small solid materials, i.e., iron, iron ore, and limestone, and the 
electrodes were lowered. Depending on the size of the furnace, an electric current with a voltage of 
100 – 360 volts and 1 – 4 kA was sent from the transformer through flexible copper cables, creating 
an electric arc between the electrodes and the metal part of the concrete. Si, Mn, P and partly C in 
the liquid alloy were mainly oxidized by the oxygen in the air, and when these oxides reacted with 
lime, a basic slag was released. A certain amount of iron ore was added to the furnace in order to 
speed up the oxidation process in the metal bath and obtain a quality ingot [18 – 20]. As the 
temperature of the liquid alloy increased, carbon began to oxidize violently. In this, the liquid metal 
is mixed well and the bamisoli boils. In this case, with the separation of H2, N2 and other gases in 
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the furnace, metal and non – ferrous materials were cleaned and the composition became more 
even. A certain amount of bauxite or calcium fluorite (CaF2) was added to the slag after it was 
removed from the furnace to completely transfer the harmful S in the metal to the slag. Additionally, 
limestone and modifiers were added to the furnace. As a modifier, Mo powder was placed in a steel 
cell and added to the liquid metal. The main purpose of adding Mo to the liquid metal in the steel 
cell was to allow the modifier to mix well with the liquid metal without burning. The purpose of 
adding a modifier to the liquid alloy is to increase the number of crystallization centers during 
solidification of the cast product, improve the mechanical properties of the cast product, and 
increase its strength. Then the iron was recovered from the FeS in the metal bath and the sulfur was 
transferred to the slag as CaS. Then, to reduce Fe from FeO in the furnace, for example, 
ferromanganese or other reducing agents and, if necessary, a certain amount of alloying elements 
were introduced. In the electric arc furnace, for the first time, oxygen in the air oxidized Fe to form 
FeO. Therefore, the recovery of Fe from FeO in this process is considered important and promotes 
the production of high – quality steel alloy. 

In this process, the following reaction occurred: 

Fe + ½ O2 = FeO                (1) 

FeO+Mn     (MnO)+Fe+Q 

2 FeO+Si  (SiO2)+2Fe+Q 

3 FeO+2Al    (Al2O3)+3Fe+Q 

As the reduction of Fe from FeO increased, the color of the slag became lighter. White slag 
contained 55 – 60% CaO, up to 0.5% FeO. The carbon in the superheated slag reacts with the lime 
to form calcium carbide: 

3С + СаО              СаС2 + СО 

In the presence of CaO in the composition, favorable conditions were created for the 
reduction of Fe and Mn from FeO and MnO in the metal: 

[3 FeO] + (СаС2)            3Fe + CaO + 2CO; 

[3Mn] + (CaC2)             3Mn + CaO + 2CO 

This process took 0.5 – 1.0 hours. The slag solidified as a white powder upon cooling. During 
the process, a sample was taken and the chemical composition was checked.  

Due to the occurrence of the above – mentioned reactions, quality steel castings were 
obtained. At the end of the process, metal samples were taken from the bath from time to time, and 
their composition and properties were monitored in the express laboratory. When the steel reached 
the desired composition, the casting chute was opened and the metal was poured into the ladle. After 
normalizing the amount of carbon and other elements in the alloy according to GOST requirements, 
the liquid alloy was poured into a sand – clay mold and the expected results were achieved. 
 
Result 

High – quality steel alloys were liquefied in an electric arc furnace, poured into a sand-clay 
mold and cooled, then the surface of the cast products was cleaned of sand stuck to them by burning. 
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Then the samples were processed step by step using 500, 1000 and 2000 micron SiC abrasive 
papers. The chemical composition of the samples was determined by SEM Zeiss EVO MA 10 
scanning electron microscope and is listed in Table 2. 

Table 2 
Chemical composition of St3Gsp liquefied brand 

Brand С Si Mn P S Аl Cr Ni Cu 

St3Gsp 0,2 0,3 1,0 0,04 0,040 0,4 ~0,3 ~0,3 ~0,3 

 

Samples were metallographically and elementally studied at the “Center of Advanced 
Technologies under the Ministry of Innovative Development” at a magnification of x500 to 2000 
times on a SEM Zeiss EVO MA 10 scanning electron microscope, and the obtained results are shown 
in Fig. 1 – a, b, c. 

 

1 – a – fig. Image of St3Gsp alloy 
magnified x500 

1 – b – fig. Image of St3Gsp alloy 
magnified x1000 
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1 – v – fig. Image of St3Gsp alloy magnified x2000 

1 –a, b, c – pictures SEM Zeiss EVO MA 10 scanning electron microscope showing the 
microstructure of St3Gsp steel 

1 – a, b, v – figures, it can be seen that when a 10 µm area is magnified x500 in the scanning 
electron microscope, a ferrite – pearlite and less austenite structure was observed. In Fig. 1 – b, a 
large – grained, pearlite – ferrite and austenite structure was observed when a 10µm area was 
magnified x1000 in a scanning electron microscope. In Fig. 1 – v – a ferrite – pearlite and less 
primary cementite structure was observed when a 10 µm area was viewed with a magnification of 
x2000 in a scanning electron microscope. 
 
Conclusion  

In conclusion, the chemical composition of St3Gsp grade carbon structural steel alloy was 
developed and solidified before liquefaction. Earthquake resistance, corrosion resistance, and 
service life of cast parts made of St3Gsp steels were achieved by adding fluxes and modifiers to the 
liquid alloy to reduce harmful elements in the alloy. Then, in order to reduce Fe from FeO in the 
furnace, ferromanganese or other reducers, and a certain amount of alloying elements were also 
introduced. 

After pouring the resulting liquid alloy into a sand-clay mold, it was viewed with a 
magnification of x500 to x2000 in a scanning electron microscope in order to see its microstructure. 
As a result, large grain, pearlite-ferrite and austenite structures were observed. 
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