
 
Full Paper _________________________________________________ Thematic Section: Thermodynamic Research. 
Reference Object Identifier – ROI: jbc-01/18-55-7-58                    Subsection: Physical Chemistry of High Temperatures.                           

58 __________ © Butlerov Communications. 2018. Vol.55. No.7. _________ Kazan. The Republic of Tatarstan. Russia. 

The Digital Object Identifier – DOI: 10.37952/ROI-jbc-01/18-55-7-58                   
Submitted on May 07, 2018.   
                                                                                                                                                 

Modeling of the gas reduction of metals process  
from multi-component oxide melt in the bubbled layer 

 
© Alexandr S. Vusikhis,+ Leopold I. Leontiyev,*  

Victor P. Chentsov, and Evgeny N. Selivanov  
Institute of Metallurgy, Ural branch of the RAS (Russia). Amundsen St., 101.  

Yekaterinburg, 620016, Russia. Phone: +7 (343) 232-91-01. E-mail: pcmlab@mail.ru 
___________________________________ 
*Supervising author; +Corresponding author 
Keywords: methodology; thermodynamic modeling; kinetics; recovery; gas; bubbling; 
multicomponent oxide melt; metal. 

 
Abstract 

A technique is proposed for the kinetics of oxide melt bubbling by various reducing gases description. 
The theory uses thermodynamic modeling termes. 

The following assumptions are used in the theory: one-cycle calculation is performed for "melt - single 
gas bubble" system; at the " floation up " of a single bubble in the "melt-gas" system, equilibrium is reached; 
during interaction with a next portion of gas the equilibrium content of oxides extends over the entire melt 
volume, the amount of metal redused in the current cycle is output from the system and is not taken into 
account in the next cycle. 

The method is tested for the NiO-FeO-Al2O3-SiO2-CaO-Mg-CO-CO2 system. Influence of gas quantity 
in a single bubble to the calculation results was analyzed preliminary. The B2O3-CaO-NiO-CO system was 
used for this purpose, with the of nickel oxide amount in the system equal to one mole and the CO contents in 
the single bubble is equal to0.001, 0.01, 0.1 and 1.0 mole respectively. It was shown that an increase of the 
gas quantity in the bubble has little effect to the results accuracy, but reduces the calculation cycles number. 

Comparative analysis of such calculated and experimental indicators as the oxide melt composition, 
elements reduction degree, the mass ratio of the oxide and metallic phases, the equilibrium composition of the 
gas, etc., depending on the amount of gas introduced, showed that the proposed technique can be used for a 
qualitative analysis of the interaction processes for multicomponent oxide melts with different reducing gases 
compositions. A slight difference between calculated and experimental data can be caused, among other 
things, by choosing the gas quantity in one bubble. 
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