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Abstract 
The thermodynamic properties of melts of the Na2O – CaO – Al2O3 system are of considerable interest 

for metallurgy, technology of ceramic materials, optical fibers. State diagrams CaO – Al2O3, Na2O – Al2O3 
have been studied by many researchers and do not have the generally accepted version, and the system Na2O – 
CaO has not been specifically studied. In the work, thermodynamic modeling of the phase equilibria of the 
Na2O – CaO – Al2O3 system was carried out within the framework of the generalized theory of “regular” ionic 
solutions. Equations for the activities of the system components are derived. The energy parameters of the 
model are determined taking into account melting characteristics and experimental data. The state diagrams of 
binary systems are constructed using the calculated values of the Gibbs energies for the formation of sodium 
and calcium aluminates from the corresponding oxides. Using the regression equations of the temperature 
dependences of the energy parameters of binary melts of the Na2O – CaO – Al2O3 system, the molar mixing 
functions of the liquid solution раствора ܩ௠ெ, ܪ௠ெ , ܵ௠ெ   and the excess thermodynamic functions ܩா, ܪா , ܵா   
were calculated at 1500-1800 oC. Lime-alumina melts are stable at all temperatures, experiencing negative 
deviations from ideality. The Gibbs excess energy  ܩா is negative and in absolute value varies from 5 to 90 
kJ/mol. With an increase in the concentration of Al2O3 in the melt and temperature, a tendency toward 
disorder is clearly manifested: the entropy of the melt mixing changes its sign from “minus” to “plus”. Na2O – 
Al2O3 melts are formed with an exothermic effect and ordering, and are also stable. They experience strong 
negative deviations (for ܩா) from ideality. However, the situation changes at 55 mol. % Al2O3 and 1700-1800 
oС melts of the system are unstable. 

 
References 
[1] A.S. Berezhnoy. State diagram of multicomponent oxides. Kiev: Naukova Dumka. 1970. 544p.  
[2] M.M. Schulz, S.I. Shornikov. MSS spectrometric study of the thermodynamic properties of calcium 

aluminate melts. Reports of the Academy of Sciences. 1995. Vol.340. No.3. P.350-352. (russian) 
[3] A.S. Berezhnoy. Multicomponent alkaline oxide systems. Kiev: Naukova Dumka. 1988. 200p. 
[4] H. Weber. Revision of the phase diagram NaAlO2 – Al2O3. Amer. Ceram. Soc. Bull. 1970. No.4. P.491-492. 
[5] S.E. Pratskova, and A.G. Tyurin. Phase equilibria involving oxide-fluoride melts of sodium and 

aluminium. Butlerov Communications. 2013. Vol.36. No.12. P.163-167. ROI: jbc-02/13-36-12-163 
[6] Thermodynamic properties of individual substances: a handbook. Ed. V.P. Glushko. Moscow: Science. 

1981. Vol.3. B.1. 472p. (russian) 
[7] A.G. Tyurin, S.E. Pratskova. Simulation of thermodynamic properties of lime-alumina melts. Bulletin of 

SUSU. Chemistry series. 2012. Iss.7. No.1(260). P.29-34. (russian) 
[8] S.E. Pratskova, A.G. Tyurin. Simulation of quasi-binary system Na+, Ca2+//O2-, F-. Russian journal of. 

chemistry and chemical technology. 2016. T.59. Iss.12. P.19-22. (russian) 
[9] A.G. Tyurin, S.E. Pratskova. To thermodynamics of oxide-fluoride melts of the system Ca2+, Al3+//O2-, F-. 

Bulletin of SUSU. Chemistry series. 2013. Vol.5. No.1. P.23-27. (russian) 
 


