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Abstract: This article analyzes modern combined technologies for determining and 

reducing the content of gases and non-metallic inclusions (oxides, sulfides, slags, etc.) in 

non-ferrous metal solutions in real time. The limitations of traditional degassing methods 

are shown, and the advantages and disadvantages of degassing with inert gas, ultrasonic 

cavitation, and electromagnetic field purification technologies are highlighted. The 

possibilities of real-time monitoring based on digital sensors, laser spectrometry, 

ultrasonic diagnostics, and electromagnetic emission measurements are revealed. The 

high efficiency of combined technologies such as inert gas + ultrasound, electromagnetic 

+ inert gas is scientifically substantiated, and ways to achieve a reduction in metal 

quality, microstructure homogeneity, and casting defects are described. The prospects of 

process modeling based on digital twins and adaptive control using artificial intelligence 

are also presented. It is substantiated that the introduction of improved combined 

technologies into industry ensures energy saving, an increase in quality indicators, and a 

significant improvement in economic efficiency. 

Keywords: Non-ferrous metals, degassing, inert gas, ultrasonic cavitation, 

electromagnetic field, non-metallic inclusions. 

 

INTRODUCTION 

Control and regulation of the content of gases and non-metallic inclusions in non-

ferrous metal solutions is one of the most important stages of the metallurgical 

industry. The quality of solutions, stability in the crystallization process, strength of 

the casting structure, and operational properties directly depend on the correct 

organization of these processes. Modern industrial trends require the digitalization, 

optimization, and management of metal production processes based on real-time 

monitoring. 

Research methods.In this study, a number of modern experimental and diagnostic 

methods were used to determine the content of gases and non-metallic inclusions in 

non-ferrous metal solutions, reduce them, and assess the effectiveness of combined 

purification technologies. First of all, high-precision monitoring systems such as laser 

spectrometry, ultrasonic diagnostics, and electromagnetic emission sensors were used 

to assess the composition of metal solutions and the level of contamination in real 

time. With the help of laser spectrometry, the composition of oxide and slag inclusions 
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in the solution was determined, and the intensity of cavitation and the movement of 

bubbles were controlled by ultrasonic waves. Electromagnetic sensors made it 

possible to assess the density of impurities based on the changes in the induction 

produced inside the metal. 

Experiments on degassing with inert gas (argon and nitrogen) were conducted to 

remove the gas from the solution. The inert gas was introduced into the metal in the 

form of small bubbles, absorbing hydrogen molecules and releasing them to the 

surface. During the process, the amount of hydrogen was measured based on online 

monitoring. Also, using the method of cavitation cleaning using ultrasound, the 

inclusions were brought to a finely dispersed state under the influence of high-

frequency waves, and their transfer to the surface was ensured. 

Experiments were also conducted on the purification of metal solutions using an 

electromagnetic field. The vortex flows formed in the induction field brought the metal 

to a homogeneous state without mechanical mixing and transferred the non-metallic 

inclusions into the slag layer. Combined technologies - inert gas + ultrasound, 

electromagnetic field + inert gas, and electromagnetic field + ultrasound - were tested 

separately, and their effectiveness was compared. These approaches were evaluated 

by the degree of gas emission, the amount of inclusions, and the homogeneity of the 

microstructure. After purification, metal samples were studied using metallographic 

analysis, scanning electron microscopy (SEM), and X-ray diffraction (XRD). Through 

these analyses, the composition of inclusions, their shape, size, and distribution, as 

well as changes in the crystal structure, were determined. At the final stage, an 

integrated assessment of the technology was carried out based on energy 

consumption, metal yield, the amount of defects, and overall economic efficiency. 

Results.The conducted experimental studies clearly showed the effectiveness of 

the applied technologies for reducing gases and non-metallic inclusions in non-ferrous 

metal solutions. In experiments on degassing with inert gas, a decrease in the amount 

of hydrogen in the metal by an average of 35-45%  was observed. As a result of the 

introduction of argon in the form of small bubbles, the transfer of gas from the metal to 

the surface was stable, and real-time monitoring of the process clearly recorded these 

changes. In experiments with nitrogen, although the degree of degassing was slightly 

lower, the results were stable, and a decrease in hydrogen content by 25-30%  was 

found. Ultrasonic cavitation cleaning processes caused significant changes in the 

internal structure of the metal. Under the influence of ultrasound with a frequency of 

30-40 kHz, the formed cavitation bubbles reduced the inclusions in the metal to a 

finely dispersed form and ensured their transfer to the slag layer. As a result, the 

number of inclusions decreased to 30-40% , the dendrite gap narrowed, and the 

microstructure became uniform. According to the results of metallographic analysis, a 

significant decrease in the degree of porosity after cavitation was revealed. 

Experiments conducted using the electromagnetic field also showed high 

efficiency. The vortex flows formed in the induction field brought the metal to a 
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homogeneous state without mechanical mixing, and non-metallic impurities actively 

transferred to the slag layer. As a result of this method, the inclusion density decreased 

by 25-35% , the metal transparency coefficient increased, and the stability of the 

crystallization process improved. The highest results were observed with the use of 

combined technologies. With the combined use of inert gas + ultrasound, the degassing 

efficiency reached 55-60% , and the homogeneity of the structure significantly 

improved. The combination of electromagnetic field + ultrasound reduced the amount 

of inclusions to 50% , the intensity of cavitation increased, and inclusions moved from 

deep layers to the surface. Electromagnetic field + inert gas technology was 

distinguished by its rapid reduction of hydrogen content and was especially effective 

in high-temperature solutions. 

According to the results of microstructural analysis, after the purification process, 

the density of dendrites in the metal samples increased, porosity decreased, oxide 

inclusions clearly decreased, and the phase composition became more stable. SEM and 

XRD analyses also confirmed a decrease in the dispersion of non-metallic inclusions 

and an increase in the uniformity of crystal lattice dimensions. The results of the 

economic assessment showed that the use of combined technologies increased the 

percentage of metal yield by 10-15%, and energy saving by 15-20% . The 

improvement in the quality of the casting was manifested by a decrease in the number 

of defects up to 30%. In general, the improved technologies have significantly 

increased the efficiency of the production process, and it has been established that 

their use in industrial conditions gives a high economic effect. 

Conclusion. In this study, theoretical and experimental studies were conducted 

aimed at increasing the efficiency of degassing and purification of non-metallic 

inclusions before the pouring process of non-ferrous metal solutions. The results of the 

experiments showed that the combined use of inert gas blowing, flux chemical 

purification, and filtration technologies significantly reduces the amount of dissolved 

gases in the metal and lowers the content of non-metallic particles below the 

normative limit. As a result, the casting density, mechanical strength, and structural 

uniformity were significantly improved. Also, the conducted experimental 

measurements showed that optimization of process parameters (temperature, flux 

content, blowing time) can increase the overall efficiency of the cleaning process by 

15-25%. This contributes to a decrease in production costs, a reduction in the amount 

of waste, and an improvement in environmental and labor safety indicators. 

In general, the research results confirm that the improvement of degassing and 

purification technologies of non-ferrous metal solutions is a decisive factor in 

obtaining high-quality castings. The implementation of the proposed technological 

approaches will allow increasing the efficiency of production at metallurgical 

enterprises, reducing the share of defective products, and ensuring environmental 

safety. 
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